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Symposium on Cancer of the Breast 


EXPERBIENTAL INDUCTION OF MAMMARY CANCER"^ 

Michael. B. Sihmkin, i\r.D.t 
Bethesda, Md. 

(From the National Cancer Institute, National Institute of Health, United States Puhlic 

Health Serviee) 

"^HE nianimaiy gland is a frequent site of neoplastic changes not only in 
A man but also in several other species of mammals. It is one of the com- 
moner tumors of the mouse, the dog, and the cat, hut is rare in the cow.’® By 
far the greatest volume of experimental work on mammaiy tumors has been 
performed on mice. Rats and rabbits, at least of special breeds, have been 
used successfully by some investigators, and more recentlj' work on mammary 
tumors of dogs has been initiated. 

Since most of the developments in this field have not reached the stage of 
clinical application, they are not generally appreciated, although the}’’ have 
contributed much to the understanding of the cancer problem in general, and of 
mammary cancer in particular. Especially fruitful liave been the studies on 
the etiologic factors involved in mammaiy tumors in mice. 


intostigations on mice 


One of the earliest published descriptions of a mouse mammary tumor was 
made by Crisp in 1854. Scattered descriptions of a few tumors appeai’ed in 
the literature between 1891 and 1906, in connection with experiments on trans- 
plantation of tumors that had their inception and development during that 
period. Apolant, in 1906, made a noteworthy contribution in his exhaustive 
and accurate description, classification, and consideration of pathogenesis, 
based o n the study of 276 tumors. Additional studies by Borrel, Michaelis, 
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paper dealing- -with mammary tumors in mice are essentially a con- 
hB 7 -Q recent symposium on Mammary Tumors in Mice, written by mem- 

urnB staff of the National Cancer Institute.-. ® References given in that vol- 

reduplicated here, and reference is given only to papers that have appeared 
quent to the preparation of the book, or those dealing with species other than the mouse, 
tsurgeon. U. S. P. H. S. 
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J. A. ^Murray, Uaalaucl, and others permitted tlie conehisiou that these tumors 
are malignant epitlielial new growths of t!ie mouse, identical in nature with 
similar tumors of man. 

Mammary tumors in mice originate multicentrieally from tlie cells of the 
mammary epithelium. The tumors may arise from anj'- portion of the mam- 
maiy tissue, which in the mouse extends over the whole subcutaneous area from 
behind the ears to the base of tine tail except for small midline ventral and 
dorsal strips. The subcutaneous turnons, readily detected by palpation, gi'ow 
progressivelj', and .spontaneous regre.ssion is rare although by no means un- 
kno%vn. 

Microseopicall}', numerous morphologic variations between different tu- 
mors and different areas of the same tumor are encountered. Although in the 
majorit}' an adenomatous pattern revealing its relation to or derivation from 
glandular structure is evident, arrangement may be in compact masses, and 
papillary, e3'stie, and hemorrhagic areas also are frequent. Jlore rarel.r, kei-a- 
tinizing, and molluscoid forms maj' be seen, and a few tumors contain neopla.s- 
tic connective tissue elements as well, foi-ming carcinosarcomas. Despite these 
variations, however, the tumors form a pathologic entitj', and for most pui*- 
poses the term “mammaiy tumor” is adequate. Cytologic investigations of 
the tumors demonstrate no fundamental changes in the nuclei of the neoplastic 
cells but reveal interesting variations from the normal pattern of the Golgi 
material and mitochondria. 

Certain changes can usuall.v be I'ecognized in a mammary gland of old 
mice in which a neoplastic growth develops, and a sudden morphologic change 
from normal to neoplastic is not found. Cj'stic dilatation of ducts, chronic 
inflammatoiy reactions in the inter-stitial tissue, and nodular h.yperp}asia of 
the raammarj' epithelium are usual. 

The mammaiy tumors invade and infiltrate contiguous tissue, metastasize 
to the lungs and other sites, and recur after incomplete removal. The neo- 
plasms can be transplanted into mice of the same genetic constitution, and 
some gi’ow heterologouslj" in the anteidor chamber of the eye of rabbits or 
guinea pigs.=® The tumors grow in tissue culture and can be cultivated in 
the jmlk sac of the 'embryonic chick.^- 

The biochemical constituents of mammaiy tumors are on the wdiole very 
similar to those of other mouse tumors. There is an accumulation of lactic 
acid, a lower pH, and a higher rate of anaerobic glycolysis than in most normal 
tissues. The vitamin concentration is near the upper level for other tumors, 
and the pattern of enzymes is similar to other mouse tumors. The values for 
the esterase of the blood serum, the catalase activity of the liver and kidne.v, 
and the hemoglobin of the blood are lowered with growing mammaiy, as well 
as other, tumors. 

Soon after the inception of cancer research on mice, it was noted that tu- 
mors appeared more often within certain cages of the colonies than within 
others. The immediate response to the observations of this selective occurrence 
of tumors was the suggestion of an infectious origin, particularly stressed by 
Borrel. In opposition to this theory, Loeb's studies suggested that hereditary 
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factors Avere involvca. and this concept was strengthened by the experiments 
of several investigators. J. A. Murray’s paper of 1911 presented convincing 
evidence that female mice, in Avhose immediate ancestry cancer of the In'casl 
occui’red, were distinctly more liable to develop the disease than mice in whose 
ancestry tumors Avere more remote. Tlie experiments of Lathrop and Loch and 
of Slye further demonstrated that hereditary factors intlueuced the formation 
of tumors. The Avorlc, hoAvever, encountered a major obstacle because it dealt 
with heterogeneous stocks. In Slye’s case, the lack of homozygous animals 
and the concept that all tumors could be grouped as a single character con- 
tributed to the misinterpi’ctatiou of the results as indicating a single men- 
delian recessive inheritance of cancer. As early as 1909, Little foresaAV that 
homozygous strains Avere essential for an adequate analysis of characters as 
complicated as tumors. The development of inbred strains of mice, requiring 
years of accurately recorded inbreeding, was one of tiie great contributions to 
cancer research. Experiments Avith homozygous strains of mice Avith inci- 
dences of mammary tumors ranging from less than 1 to over 90 per cent, de- 
veloped by Little, Strong, and other geneticists, did not alloAv postulations of 
any simple genetic transmission of mammary or other tumors and also shoAved 
that different types of tumors arc inherited as separate characters. At the 
same time, the Avork reiterated that genetic factors Avere important in the 
development of such tumors. 

It is noAV established that susceptibility to mammary tumors is not a char- 
acter with alternative (all-or-none) expression but is expressed in degree. 
Genetic factors influencing susceptibility are multiple. There is a relationship 
betAveeiA mammary tumor development and a knoAvn, inherited, single factor, 
coat-color trait, lethal yelloAV (A^). 

The Bole of Hormones. — The experimental demonstration of the influence 
of ovarian hormones on the development of mammary tumors in mice Avas begun 
in 1913 by the work of Loeb and his associates. Before these experiments 
could be started, it Avas necessary to establish the fact that mammary carcinoma 
occurred almost exclusively in females, that the incidence of mammary tumors 
Avas markedly different in different families or strains kept under similar en- 
vironmental conditions, and that in each strain the rate of mammary cancer and 
the average age of the animals at Avhich neoplasms appeared remained fairly 
stable. 

It Avas found that mammary tumors occurred more frequently in breeding 
than in nonbreeding mice. In some strains, the incidence of tumors is pro- 
portional to the number of pregnancies undergone by the mice. Loeb further 
demonstrated that the incidence of tumors can be radically reduced bj'" ovari- 
ectomy, and that the incidence is related to the age of the animal at the time 
of ovariectomy. Cori and W. S. Murray substantiated these findings, and the 
latter sirceeeded in obtaining mammary tumors in castrated^ male mice bearing 
ovarian grafts. 

With the advent of chemically isolated estrogens, Lacassagne in 1932 re- 
ported the appearance of mammary tumors in male mice injected Avith these 
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coiiipotiiKls, 'I'ho work wiis J'lipidly (iiid (didiovah'd liy nimuM’OUK 

ijivoslipniloi’s, iiolowoiMiiy cuidriljUlioMs hciiip: inndi> hy ijoi'h, liiiciissaKno, (lard- 
tier, UiMTow.s, and Jionsci'. Mosf, imporlaid was the fad dial (‘slrof^ciis would 
olioil inaiiiniaay tiniiors in inidos of strains in wliioli fonmlrs dovolopod such 
liiniors sponlani'ously, and in approxiniuddy Hii' sanu' inridcnco. J\lalfs of 
strains in wliioli the tnnior incidonot* was oxtronioly low did not dcvidoji main- 
niary ciuu-or no niattcr liow strrnnonsly llioy wrro treated with eslropnois, 

Di'velopnient of nianmiary eareinonias in male niiee of snseeptihh' strains 
has been elieitod with all the natural and synihetie estrof'enie, eoinponnds that 
have hei'ii studied from this slaiulpoinl. 'I'lie list inelndes estrone, estradiol, 
estriol, (spiilin, eipiilenin and their laaizoales, dielhylslilhesirol and its di- 
jiropionate, and triiihenylethylene. In |fenernl, the enreinojrenie, aetivity 
teinh'd to he related to the amount of eslro^om in pliysioloffjc units rather than 
to ehemieal eonfl(j;nrat ion or other properties. The l•hemieals eoiild he admin- 
istered sulientaneonsly, ])erentant'ously, or orally with tlie same results, de- 
peiuUut' on the, pUysioUij'ie aetivity hy the partieuhir route. However, they 
had to he adminislererl foe .some lentilh of time, usually ahont, eipdit, weeks or 
loiif'er, for tumors to a])|)ear at a suhseipient date. With the eom)iounds in 
oily or afjneotis media, havinp'' short iieriods of aetivity due to rajiid elimina- 
tion, relatively heavy tlo.ses wi’re reipiinsl to idieit the eareinof'enie reaetion. 
Wiimi the eomimnnds were pdven in the form of sulientaneonsly implanted 
jiellcts allowing steady and eonstant alisorjition, it was found that the dose of 
estrot'en needed for the, indnetion of mammary tumors was not. above that, 
physiologically elaborated hy untreated female miee. 

The, so experiments also jiermitled a thorough mie.roseojiie study of the 
ehange.s in the breast leading to neoplasia. 

in the male or the ovarieetomized immature female with an inlai't iiitiii- 
tary, the mammary gland is a rmlimentary strnetnre of a few stunted duels. 
The duels begin to jiroliferale and to dilate within a few days after the ad- 
ministration of estrogens. 'I'lie duels soon form buds, and the eells of the 
jiroliferaling epithelium are large, with clear cytoplasm and vesie.iiliir iiueloi; 
an inerease in mitoses is deteelahle hy the use of eolehieine. In some duets, 
the eells become arranged in several layers anil secrete an aeidoiihilie product 
in the form of intracellular and extracellular dro))lels. 'I'he jirocess jirogresses 
to the formation of small acinous lobules, so that the rudimentary hreasl. he- 
eonies as well develojied as Dial- in the normal female. With excessive do.ses of 
estrogen, however, the glands heeome slunl-ed and have' localized areas of ex- 
tensive alveolar devclojuiient,. If administration of estrogen is disconliiuied at 
this point,, the mammary liyjierjilasia undergoes gradual regression, With 
eontiniicd eslrogenalion, there is i)rogre,ssive hyperplasia of the alveoli and 
ducts; dibit, ion of the ducts, round-cell innilratioii, and inerease, in jieriduchd 
fibrous tissue are observed inconstantly. In mice of strains in which adeno- 
eareinomn does not develop, the ))roeess does not progress heyond this hyiicr- 
plasia. In mice Dial develop cancer, there is a mnllicenirie formation of aden- 
omatous nodules which often coalesce, and adeiiocarciiioma develops in these 
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centers. ]\Iicroscopic exaniiiiation (loe.s not reveal any sudden alteration 
wliich may be designated as the point at which the normal cells become neo- 
plastic. The site, the growth, and the histologic appearance of mammary 
tumors elicited in mice injected with c.strogcns correspond in all details to the 
description of the spontaneous adenocarcinomas in female mice. 

Numerous investigations have been jierformed in an attempt to discover 
differences in the morphology or jihysiologj’ of the breast in mice belonging 
to strains with different incidences of mammary carcinoma. No clear dif- 
ferences in morpliologj’ have been e.slabli.shcd. In general, however, hyper- 
plasia of the ducts and alveoli under the stimulation of estrogens tends to he 
more rapid and more uneven, with the eventual development of adenomatous 
nodules, in the high-mammary-tumor strains. Distention of the duets into 
cysts, round-cell infiltration, and an increase in periductal fibrous tissue are 
inconsistent features apparently not a.ssocialed with the eventual development 
of mammary neoplasia. 

The morphologic studies also stress that the essential difference between 
male and female mice, as far as the appearance of mammary carcinoma is con- 
cerned, is the practical absence of the mammary gland in the male animals. 
The formation of the glavid and the increase in cellular elements under the 
stimulation of estrogens thus exteriorize or make possible the development of 
some factor already present in the animal that leads to the eventual appear- 
ance of gross mammary tumors. It is also clear that something more than 
excess growth is operating in the cancerous transformation of the breast. The 
onset of recognizable malignant nodules occurs in breeding females or in mice 
injected previously with estrogens ■when the major part of the mammarj’' gland 
is involuting. A difference between the normal growth process and the neo- 
plastic process is also indicated by the unsuccessfnl attempts to produce a 
direct transition of the fully developed mammary gland of pregnanej'^ or lacta- 
tion into a carcinomatous gland by continued injections of large doses of 
estrogen. 

Studies aimed at demonstrating the essential difference between strains 
of mice that are susceptible to mammary carcinogenesis and those that are not, 
either spontaneously or under the influence of exogenously sujDplied estro- 
gens, also took other lines. The estrus cycle of mice of different strains w’as 
compared; no correlation was found between the length or regularity of the 
sexual cycle, duration of keratinization of vaginal mucosa, and the occurrence 
of tumors. The susceptibility of mice to estrogens, as manifested bj'^ the dose 
required to produce estrus in spayed mice, was not correlated with the suscep- 
tibility. The urmary excretion of estrogens and 17-ketosteroids^^ and the abil- 
it 3 ’ of the Ih’er to destroy estradiol in vitro do not differ significantly in the 
low- and the high-mammarj>'-tumor strains. Nor could correlation be estab- 
lished with degenerative changes in the adrenals, the pituitai’y, or otlier endo- 
crine organs. 

Although the estrogens maintained their focal point in the genesis of mam- 
mai’ 3 ’’ tumors in mice, it was shown that other endocrine secretions, espeeiallj^ 
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those of tlie aclreiuil cortex and the anterior pituitary, were involved. Pro- 
gesterone is reported to reduce the incidence of inannnary tumors in susceptible 
mice.'’'” Androgens, given over protracted periods of time, reduce the incidence 
of such tumors. The action is probably analogous to castration, since androgens 
suppress the estrus cycle and prevent follicular maturation. The adrenal cor- 
tex, in relation to sexual functions, can be considered as a potentiallj' bisexual 
aece.ssory gland capable of secreting cither estrogens or androgens under the 
influence of stimuli from the pituitary gland. Woolley demonstrated that 
gonadectomy of young mice of two high-tumor strains led to progressive h 5 'per- 
plasia of the adrenal cortex. There was gradual recovery of the uterus, vagina, 
and breast from the castrate state, and mammaiy tumors developed in the 
females. One male castrated at birth also developed a mammai'y tumor. In 
strains that do not develop mammary tumors spontaneously, no mammary 
tumors were obtained.®'’ jMammary carcinogenesis following gonadectomy is 
probably best explained by the extragenital liroduction of e.strogens in the 
hyperplastic adrenocortical tissue and is dependent upon whether the normal 
females of the strains under consideration develop tumors of the breast. The 
origin of estrogens in the adrenals was supported by the close morphologic 
similarity of the cells of the adrenal nodules to luteinlike cells of the ovary. 

The lack of pure anterior pituitary hoinnoncs has limited the work on the 
role of these honnones on mammary carcinogenesis. It has been shown, how- 
ever, that subcutaneous graft of the hypophy.sis raises the incidence of mam- 
mary tumors in intact females but does not elicit them in males or ovariectom- 
ized females. Thus, the pituitary probably stimulates secretion from the ovaiy; 
it does not increase the incidence of tumors in strains of mice that do not 
develop such tumors .spontaneously. 

It has been indicated that, although various alterations in the honnonal 
balance of the animal reflect in changed incidence of mammaiy tumors, the 
attempts to correlate the degi'ee of genetic or hormonal predisposition to mam- 
maiy cancer with various physiologic and moiyhologic manifestations remained 
unsuccessful. Mice of strains in wliieli the mammary tumor incidence was 
practically nil did not develop such tumoi’s despite radical estrogenation or 
other procedures. 

The essential difference between mice resistant to mammary carcinogenesis 
and mice of susceptible strains remained obscure, iluch of the clarification 
was due to investigations in the inheritance of these tumors, which revealed an 
extracbromosomal factor that was involved. 

The ExtradhToni-osomal Factor . — ^Between 1930 and 1933 the members of 
the staff of the Eoscoe B. Jackson Memorial Laboratory conducted a number 
of reciprocal hybridization experiments with the high- and low-tumor strains 
that they had by that time perfected. The results of these experiments, along 
with these of Korteweg, of Holland, led to the discovery of the extrachro- 
mosomal factor in mammary-tumor development and opened the door to one of 
the most fi'uitful lines of cancer research of the past decade. The discovery 
was that the hybrid female offspring resulting from the mating of high-tumor- 
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strain females to low-tumor-strain males developed tumors in approximately 
the same incidence as that of the high-tumor strain ; but when the I’cciprocal 
cross was made, that is, low-tumor-strain females limes high-tumor-strain 
males, the tumor incidence of the female offspring was but little greater than 
that of the low-tumor strain. Thus, the incidence of the Fi generation approxi- 
mated that of the maternal strain. 

The Jackson Laboi’atory group conducted four different experiments in- 
cluding the reciprocal crosses between seven low- and high-tumor strains of 
mice. The results in all four experiments, entiiiling a total of 532 Fi females, 
Avere consistent in showing that the tumor incidence of the Fi females I'csembled 
that of the strain of the mother. One cro.ss was carried to the Fa generation, 
and it was found that the difference between the reciprocal Fi liybrids Avas 
cari’ied on into the Fo genei'ation. This generation included a total of 1,139 
females, and hence the results Avere conelusiA’c. IIoAvevcr, eight generations of 
repeated backcrosses of the mice to the loAA'-tunior strain males, thus building 
up the genetic backgi-ouud of the resistant mice for the extrachromosoraol fac- 
tor, eliminated the extrachromosomal influence and revealed the importance 
of genetic susceptibility. 

Since the genetic constitution even including tlie sex chromosomes had to 
be considered the same for the two groups of females resulting from reciprocal 
crosses betAveen tAvo isogenic lines, it Avas obvious that this effect Avas not trans- 
mitted through the chromosomes. It had to be some extracliromosomal factor 
Avhich the female Avas capable of transmitting to her offspring. It appeared 
that this factor Avas likely transmitted by one of three possible routes. It 
might be transmitted through the cytoplasm of the egg, cytoplasmic inlierit- 
ance; it might be transmitted through the placenta, an intrauterine influence; 
or it might be transmitted through the milk, a milk influence. 

Bittner undertook the study of the third possibility, the foster mirsing 
problem, and it Avas through his Avork that the factor Avas primarily revealed. 

Almost astonishing in its simplicity, the transfer of mice of high-mammary- 
tumor strains shortly after their birth to foster mothers of loAV-mammary- 
tumor strains reduced the occurrence of neoplasms. The Ioav incidence was 
maintained in subsequent generations ; in tAvo strains with a previous incidence 
of 80 per cent, animals of the tenth to the tAventieth generation after a single 
interruption of the ingestion of milk from their mothers of high-cancer strain 
had an incidence of less than 2 per cent. When complete interruption of the 
milk ingestion could be assured, as by removal of the young from the uterus, 
even a loAS'er residual rate of tumors was encountei'ed. The basic observation 
has now been repeated and substantiated in one dozen or more independent 
laboratories throughout the Avorld. 

When low-tumor strains of mice are suckled by foster mothers of high- 
mammary-tumor strains, there is an increase in the incidence of mammary 
tumors. Whether this increased incidence is maintained or not depends on 
the genetic susceptibility of the strain. Strain C mice, possessing this genetic 
susceptibility and having less than 2 per cent incidence of mammary tumors, 
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were transformed, after nursing on high-nuiinniary-tumor strain foster motli- 
ers, into a line liaving an incidence of over 80 per cent of tumors in tlie Fo to 
the Fii generations. In contrast, in mice of .strain C57 black, liaving a high 
genetic resistance to mammary tumors and the milk agent, the incidence may 
be increased to as liigh as 75 per cent hy foster nursing them on animals pos- 
sessing the milk agent,"' yet in subscfpient generations the incidence rapidly 
decreases as the genetic resistance overcomes the milk influence. Appropriate 
tests show that these resistant mice lose their ability to ti'ansmit or pi’opagate 
the milk influence to mice of other strains subsequently nui'sed bj' them." 

It was also establi.shed, in at least four independent laboratories, that the 
induction of mammary tumors in male mice injected with estrogens was also 
dependent upon whether such animals possessed or did not possess the milk 
influence. Thus, the agent in the milk is ineffective in the absence of hor- 
monal stimulation of the breast. 

Despite the lack of an adequate, rapid bio-assay technique, so that twelve 
months or longer are required for any particular determination, and despite 
the lack of stable jireparations of the milk agent, depriving the experimenter 
of a standard sample of reference, much has been learned concerning the nature 
and propex-ties of the milk agent during the past six years. !Mo.st of these 
contributions have been made by Bittner and his gi’oup and by the workers 
at the National Cancer Institute. 

It is known that the agent is pi'esent in the milk of high-mainmaiy-tumor 
sti’ains thi’oughout the period of lactation, although it xnay vai*y in concentra- 
tion during the reproductive period of the mouse. fVhen the young of a high- 
tumor strain remain with their mothers for varying periods before being foster 
nui’sed by resistant-strain females, the young remaining with their mothers 
for shorter periods develop fewer txunors at a later average age than do the 
young pei’mitted to nux’se fi’om their mothers for longer periods. Other woi’k, 
in wliich measured amounts of milk from liigh-tumor-straixi females were fed 
to susceptible young by means of stomach tube, confirmed this dose-response 
relationship. A single oral administration of 0.1 c.c. of high-tnmor-strain 
milk to susceptible yoxmg mice produced mammai-y tumors in over 90 per cent 
of the animals, some eight months later. Evidently there occurs an event in 
the fii-st few hours of life which leads to the appeai’anee of mammary cancer 
months later. 

The intrap eritoneal ronte of admmistration of the milk agent is more 
efficacious than the oral route. In all experiments with the agent, mammaiy 
tumors do not appear with any gi-eater frequency at, or near, the site of injec- 
tion than in other mammary glands of the animals. 

The agent is widely distributed throughout the body of the mouse. Tumors 
have been produced in susceptible mice following subcutaneous implantation 
of pieces of spleen,'^ lactating mammary gland, and subcutaneous injection of 
whole blood. The injection of serum of mice has produced a low incideiice of 
mammary tumors whereas a high incidence has been obtained in mice injected 
with the total cell suspensions of the blood. This fact suggests that the agent 
is associated with the cellular elements. Extracts of mammary tumors fed to 
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susceptible mice evoke tumors, a finding demonstrating the presence of the 
agent in the tumor tissue. Apparently the agent docs not penetrate through 
the placenta. Despite its wide disti'ibntion tlironghout the body, the milk 
agent is apparently not contagious thi'ongh body contact. 

Adult mice are more resistant to the milk agent than are those up to .six 
%Yeeks of age.' There are pronounced ditTcrcnccs in degrees of genetic sus- 
ceptibility of different strains of miee to the milk agent, and the ability of such 
strains to transmit the agent.'’® Probably the activity of the milk agent dif- 
fers in some of the strains. The milk influence doc.s not affect the genetic 
make-up of the mouse in relation to the development of mammai’y tumors. 

Slaterial obtained from lactating mammary tissue of high-tumor-strain 
mice by filtration throiigh Seitz filters is capable of giving rise to mammary 
tumors in other mice. Desiccation of lactating mammaiy gland tissue at room 
temperature resulted in great loss of activity within one week. Extracts of 
mammary-tumor tissue to v.’hich 50 per cent glycerin was added at 8° G. re- 
tained activity for nine daj’S, but rvere inactive eight 3 ' dej's after the pro- 
cedure. Lyophilized mammary-tumor tissue suspended in water and fed to 
mice produced tumors. The preparation was still active when tested six 
months after lyophilization, although the comparative potency with the orig- 
inal material was not determined, but it Avas inactive one year folloAving the 
procedure. The agent survived in mammarj' tumors propagated in the jmlk 
sac of chicken eggs.^' 

The agent is destroyed in mouse milk heated to 61 or 66' C. for thirty 
minutes and in fresh mammary tumor extracts heated to 56 or 66' for thirty 
minutes. It survwes in mouse milk kept at 8° C. for fourteen days, is active 
in extracts of mammary tumors at pll 5.5 to 10.2, but is inactive at pH 4.5. 
It is not inactivated bj" acetone or petroleum ether.® 

Ultracentrifugation experiments shoAved that the agent when obtained 
from lactating mammary glands and suspended in distilled Avater Avas sedi- 
mented at 110,000 times gravity for one hour. Extension of the ultracentri- 
fuge studies revealed that there Avere tAvo principal components for the active 
tumor extract, Avhich Avhen extrapolated to zero concentration Avere 62 S and 
90-92 S. HoAvever, someAvhat similar components Avere found in the milk of 
strains of mice with low incidence of spontaneous mammary tumors, as Avell 
as in human mammary carcinoma and chick embrjm. A minimum molecular 
AA^eight of three to four million Avas estimated for the macromolecular mate- 
rial of 62 S, Avhile the faster moving component had a molecular weight of at 
least fiA'e million. The variations of sedimentation rate Avith concentration 
indicated an asj^mmetric particle. 

Ultraviolet absorption spectrograms and other tests indicated the presence 
of a ribose-nucleic acid complex in the material from mammary tumors con- 
taining the agent. HoAvever, since similar components Avere present in normal 
tissues, it is not clear Avhether the agent inciting mammary tumors in mice is 
an altered ribose-nucleic acid complex or whether this complex is merely the 
carrier of the active agent associated with it. 
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Rabbit sei’Uin obtainod lollowing' injections oi’ saline extract of mammary 
tumor or witli ultracentrifuge pellet material neutralized fresh mouse mam- 
mary-tumor extracts in vitro. Intraperitoncal injections of immune rabbit 
sera protected susceptible mice against the develoi)mcnt of mammary tumors 
following- the feeding of active fresh tumor extract.'’ 

Filtration and ultracentrifugation experiments .show that the milk agent 
can be transmitted by cell-free material, and its transmission through many 
generations of mice implies propagation. These features .suggest the action of 
an agent belonging to or related to the viruses. 

It is similar to known tumor viru.scs in its specificity for a certain tissue. 
It is apparentl.v not involved in the genesis of spontaneous pulmonary or 
hepatic tumors, of bone tumor.s,'**- or of induced tumors of the lung, sub- 
cutaneous tissues, testes, uterus, or the pituitary. 

IJnsucce.ssful attempts to transmit the mouse milk agent to deer mice 
(Pero)mjscns) suggest that the agent_ in common with known tumor viruses 
possesses a degree of specificity; and if a similar factor is active in the occur- 
rence of breast cancer in other spccie.s, conclusive tests for its presence must 
be performed in animals of the .same .specie.s. 

It is not known whether the milk agent contiiuies indefinitely in propagable 
tumors and whether its presence is recpiired for the continued grCwth of such 
transplanted tumors. Preliminary investigations indicate that the presence 
of the milk agent is not necessary for the propagation of an established tumor, 
unle.ss a latent phase is postulated. 

The mouse mammaiy-tumor influence differs from known tumor vinises 
in its relatively long latent period. A mouse ingesting milk shortly after 
birth Avill develop a neoplasm six to twenty-four months later. Tumor develop- 
ment is not necessary for transmission of the influence from mother or foster 
mother to offspring; in fact, under ordinary conditions the causal agent is 
transferred in the absence of recognized tumor, aUd this transfer continues 
for many generations. In this respect, the milk agent acts as a latent virus 
infection. 

Up to the present time, no changes in the organism have been described 
folio-wing the introduction of the milk agent. The mice are not sick and gain 
in weight ecprally, as compared Avith animals Avithout the milk iuHuenee. The 
onset of the estrus cycles and the character of the cycles for the first three 
months are unaltered. ‘ The adrenal changes following estrogen administra- 
tions or castration are not influenced by the presence or absence of the milk 
agent. The agent does not produce consistent and clear-cut alteration of the 
architecture of the mammary gland. 

Other Factors in the Genesis of Mammary Tumors in Miee . — The current 
concept of the etiologA^ of mammaiy tumors in mice, as expressed by Bittner, 
is that at least three factors must be present for their development (1) an in- 
herited susceptibility, (2) hormonal stimulation, and (3) an active agent that 
is generally transmitted through the milk. All three factors must be present 
for the genesis of mammaiy carcinoma. Thus, unless the milk agent is intro- 
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duced into strains of mice possessing genetic susceptibility (sucli as strain C), 
large doses of estrogen do not lead to dcvelopnient of inaininary neoplasia. 
Male mice do not develop tuniors of the breast dc.spitc tlie ])resence of genetic 
susceptibility or the milk influence unle.ss the lacking hormonal factor is sup- 
plied. On the other hand, a quantitative deficiency of any one factor probably 
can be overcome by the relative quantitative increase in the other two factors. 
Thus, the relative genetic resistance to mammary tumors in mice of strain C57 
black can be overcome by the introduction of the millc factor and sufficient 
hormonal stimulation. 

These three sets of factors, however, by no means exhaust the number of 
influences that may play a role in the genesis of these tumors. Of these, nutri- 
tion has i-eceived the greatest attention. Underfeeding of the total balanced 
diet or of certain essential constituents thereof, such as sulfur-containing 
amino acids, reduces the occurrence of mammary tumors. 

The mere reduction of a balanced ad libitum diet by one-third led to the 
total suppression of mammaiy tumors in a highly susceptible strain possessing 
the millc agent.^® The mechanism is probabl.y the production of pituitary 
insufficiency which leads to a lowered level of ovarian secretion and a relative 
refractoriness of the mammaiy gland to estrogenic substances. It is known 
that mice deprived of cysteine in the diet have but few and irregular estrus 
cycles. It is not known whether diet or other environmental factors influence 
the transmission and otherwise modif 5 ' the action of the milk agent, but this 
does not appear unlikel 3 ^ 

It has been reported that the incidence of mammary tumors is increased 
and the average tumor age is decreased in mice kept at an environmental tem- 
perature of 68“ F. as compared with mice living at a temperature of 91“ F.®^ 
Even such mild environmental changes as crowding or isolating animals are 
reflected in the incidence and time of appearance of mammary tumors, prob- 
ably because of the effect of these factors on food consumption and the estrus 
cycle. 

Furthermore, data have been accumulating to the effect that not all mam- 
mary tumors in mice are associated Avith or due to the presence of the milk 
agent. Perhaps the most striking demonstrations have been Avith animals in- 
jected Avith metlydcholanthrene, a poljmyclic hj’^drocarbon that elicits a varietj’^ 
of tumors in mice at the site of introdxiction (such as subcutaneous sarcoma or 
cutaneous carcinoma) and at distant sites (such as pulmonary tumors). 

In 1939 it Avas shoAvn that painting of methj’-lcholanthrene on the skin of 
breeding female mice of a strain that is knoAvn to possess the milk agent and 
genetic susceptibility to mammary tumors .(strain dba) accelerated the appear- 
ance of mammary tumors. This obseiwation AA'as subsequently repeated in 
tAvo other laboratories, using the same strain of mice. Mammary tumors Avere 
not obtained in male mice, nor Avas the time of appearance of tumors ac- 
celerated in nonbreeding mice. Kecently mammarj'- tumors liaA^e been elicited 
by percutaneouslj' administered methylcholanthrene in crosses of tAVO genetically 
susceptible strains depriA^ed of the milk agent.^^ 
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animals, the longer life span, and the lower incidence of tnmors, all resulting 
in greater expense, have been imjiortant factors in limiting tlie advances. 

Rais . — Tlie incidence of spontaneous mammary tumors in the rat is low, 
and the tumors that occur are usually fd)roepitiie]ial growths, designated as be- 
nign fibroadenomas. Curtis and a.ssociates’‘ stated that fibroadenomas occurred 
in 0.9 per cent of the females that siirvived fourteen montlis or longer. The 
incidence for the Rockland colony of rats was 0.8 per cent,^'’* and estimates in 
other colonies were up to 8.0 j)er cent.'* 

Fibroadenomas of spontaneous origin ai’c tran.splantable into rats of the 
same genetic constitution and usually grow progro.ssively to large size.'® The 
proportion between the fibrous and the ei)ithelial elements is variable and can 
be modified by the sex of the host animal or by tlie administration of hormones. 
The tumors are more fibrous and grow more slowly in the presence of andro- 
gens, and are more epithelial and grow faster in the presence of c.stro- 
gens.®®’ Papillary cysts are encountered occasionally in these tumors. 
Upon serial tran.splantation, sarcomatous changes may take place.®" 

Wolfe and his co-workers"- "" have studied a colonj' of rats at Albany 
(AS strain) characterized by a i-elativel.v liigh incidence of spontaneous mam- 
mary tumors. Of 1.827 females sinwiving for five months or longer, 186 de- 
veloped tumors at an average age of fifteen months. The animals were not 
homozygous, and in one line eighteen tumors appeared among eighty females. 
A stud}’ of 149 tumors showed 122 fibroadenomas, 10 fibromas, 11 adenomas, 5 
cystadenomas, and 1 carcinoma. The rats of this colony revealed a number 
of abnormalities which were i)robably endocrine in character and strongly sug- 
gested anterior pituitary deficiency. The estrus cycles were abnormal, fertility 
was diminished in both males and females, growth was deficient, and pro- 
longed gestation and fetal resorption occurred in a high percentage of the fe- 
males. Bio-assays of the tumor tissue for estrogen were negative, permitting 
a supposition that hyperestrinism is not the sole factor in tiie development of 
these tumors. 

It is not known whether repeated ge.stations increase the incidence of fibro- 
adenomas in rats. Bagg and Jacksen" reported one tumor in a Wkstar strain 
rat that had eleven litters, but no otlier lumoj-s were encountered in fifty-six 
breeding females or ten other controls. 

IMammary carcinoma of spontaneous origin in the rat is rare, occurring 
in 0.02 per cent of the females obsem-ed by Curtis and co-workers'® and in 0.05 
per cent of the Albany strain. Ilowever, mammary carcinoma has been in- 
duced consistently with the prolonged administration of estrogens in at least 


three laboratories. 

Geschickter®'"®'' used albino rats that had been inbred for seven years. In 
a colony of over 5,000 animals, no mammary cancer was seen, and less than two 
per cent developed fibroadenomas at an average age of over eighteen months. 
Of 555 rats injected with estrogens, 202 developed carcinoma of the breast, al- 
tbonfli in only 2 cases were metastases present. The author described all 
stages of development of these tumors from hyperplasia of the ducts and lo- 
bules to frank carcinoma. The same morphologic alterations were found m 



SHTMKIN; EXl’EUTMENTAIi INDUCTION OE AIAM:\tAUY CANCKU JT) 

the breasts of mice under estrogen administrations, witli the exception of the 
pronounced fibrous reaction, in tlio mouse, increase in periductal fibrous tissue 
is relatively slight, whereas in the rat the fibrosis is a more striking 
feature than epitlielial jirolifcration, with formation of fibroadenomas. It is 
not entirely certain that these estrogen-induced fibroadenomas are identical 
with tlie spontaneous tumors, since the induced tumors usually become station- 
ary in size or regress upon ccs.sation of c.strogenation'’”’ and have not been 
transplanted successfully. The spontaneous tumors usually grow progressively 
and are transplantable. 

The investigations of Geschickter arc somewhat confusing because parallels 
are constantly drawn to human pathology and because an impression may be 
gathered that the types of lesions obtained can be i-eadily controlled by modifi- 
cations in the type and amount of the hormone administi’ations. As in mice, 
the incidence of mammary cancer is increased and the average tumor age is 
decreased proportionately with the dose of the estrogen. The estrogens must 
be given contiuuou.sly for a period of several months, and .slow constant absorp- 
tion from subcutaneously implanted pellets is jnore efficacious in eliciting can- 
cer than are intermittent injections of the honnones in oil 3 " solutions. The car- 
cinogenic activity of different chemicals Avith estrogenic activity is related to 
its physiologic potencj’- and duration of effect rather than to chemical structure 
or other properties. To produce mammarj’’ cancer in the rat, it is apparentl.v 
necessary to expose the animal to ten or more times the phj'siologic amount of 
estrogens. This is probabty correct, in contrast Avith the situation in mice; if 
only the physiologically elaborated amounts were needed, normal breeding fe- 
male rats Avould have a much higher incidence of spontaneous cancer of the 
breast. Geschickter described eight female rats that developed mammaiy can- 
cer in tAventy-one to sixty daj^s folloAviiig the implantation of multiple pellets of 
estrone, estradiol, or diethj^stilbestrol. This is considerably faster than the 
earliest appearance of mammary tumors in mice, in which eighty-four days is 
the shortest recorded latent period., Sex, age, or castration Avere stated to haA'e 
little effect on susceptibility to estrogen-induced mammar 3 ’' cancer, although 
senile animals were more susceptible. The latter point is at variance Avith 
similar studies on mice,'*® 

Nelson®® using rats of the Long-Evans hooded strain, in AAdiich only 4 
fibroadenomas had been seen in fifteen years, reported the induction of 68 carci- 
nomas of the breast in 103 animals. The rats received daily injections of 50 
gamma of diethylstilbestrol, or subeutaneousty implanted pellets of diethyl- 
stilbestrol or estrone, lletastases were present in thirty-three rats. The tu- 
mors were classified as : duct carcinoma, thirteen ; adenocarcinoma, eight ; 
duct and adenocarcinoma, thirteen; and carcinoma simplex, five. Male and 
female rats Avere equalty susceptible to the induction of tumors. Eisen*‘ ob- 
tained two cancers of the breast in fifty-four rats of the Sherman strain im- 
planted with estradiol dipropionate in paraffin. 

Dunning and Curtis*® implanted pellets of dietlydstilbestrol in cholesterol 
into rats of three hibred strains. Mammaiy cancer developed in 80 per cent 
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of the aiiinials of one of tlie strains. Rats of another strain have .sliown no 
cancer of the breast after tweh’e to fourteen inontlis. Reciprocal hybrids be- 
tween these two strains are being tested for the possible transmission of a milk 
factor analogous to the milk factor observed in the etiologj’ of monse main- 
niaiy tumors. 

Wilson and associatc.s"* reported the iJiduction of mammary tumors in rats 
with 2-aeetylamino/luorene, a nonestrogenic chemical used as an insecticide. 
The incorporation of the compound in the diet at a concentration of 0.03 per 
cent or liigher for at least ninty-five days led to the appearance of a variety 
of tumors, especially hepatoma and carcinoma of the urinary bladder, and in- 
cluding three mammary adenocarcinomas in thirty-nine rats. The observation 
was confirmed b.v Bielseliowsky.'* Wi.star rats were fed 2-acetylaminofluorene, 
4 mg. daily for thirty weeks; of thirty-six females, twenty-three developed 
mammary cancer, and of forty-one males, three developed mammary cancer, 
rt was stated that cancer of the breast could be produced in this strain of rat 
also by the subcutaneous implantation of diethylstilbestrol pellets. 

Bahhiis . — Very few cases of spontaneous tumors of the breast of rabbits 
have been recorded in the literature. Greene-'--® published a detailed descrip- 
tion of a family of rabbit.s under his observation in which twenty-nine had 
mammary abnormalities at an average age of 30 months. Eleven rabbits de- 
veloped frank carcinoma after an average period of 15 months; metastases 
were found in five eases. 

The first indication of mammary disorder in twenty-five animals was a sud- 
den engox'gement of all the mammaiy tissue, so that the glands consisted of lax'ge 
thin-walied cysts. This usually occurred following an infertile mating or 
estrus period. A slight glandular enlargement in more localized areas some- 
times took place unassociated with reproductive activity. The engoi-gement 
iisuall}^ persisted for several weeks and then subsided i-ather suddenly. Re- 
currences of the condition finally led to a persistence of small, bluish cysts 
filled with bromi fluid. These cj'-stic areas gradually became firm, and occa- 
sionally bloody fluid could be expressed from the nipple. Tumors arose as 
papillomatous outgrowths from the epithelial lining of dilated acini and duct; 
these grew continuously, anastamosed with others, and formed acinuslike struc- 
tures. Invasion of surrounding tissues was next observed, and the cells ap- 
peared in adenomatous masses or in solid medullary sheets. The connective 
tissue response sometimes eonveided the entire breast into a scirrhous t 3 'pe of 
growth. Retraction of the nipple, fixation to the skin and muscle, and ex- 
ternal ulceration were frequently observed. The duration of life after the 
appearance of invasion varied from six to forty-eight weeks. 

In four rabbits, there was no antecedent mammary engorgement. The tu- 
mors appeared as solitarj^ nodules in normal breast tissue and consisted of 
masses of proliferations of acini. Three of these adenomas progressed within 
twelve to sixteen mouths to adenocarcinomas. 

Analysis of the factors concerned in the genesis of these tumors showed 
that the tumors occurred almost exclusively in two family groups of rabbits. 
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Animals of uiirelatod lines were foster nursed by tumor-bearing raldnts, but no 
instance of mammary tumors develojicd. This is evidence against llu; presence 
of a milk-transmissible factor. 

Fertility was reduced during the period of mammary disorder in almost 
all the affected animals; live were completely sterile. The average number of 
progeny was laabiced. and the numbei*s of resorjitions of pi’oducts of concep- 
tion and of young boim dead in litters were inercased. 

The pituitary was eidarged in all stages of the disease, but not in rabbits 
which developed tumors without, antecedent mammary abnormality. The 
pituitary enlargement was due to chromophobe hyperplasia. The endometrium 
of the uterus was hyper])lastic and c.vstic, and in both groups of rabbits the 
ovaries frequently contained cysts. The endocrine changes were comparable 
with those found in animals after long-continued administration of e.strogenic 
substances. It was inferred that, the neoplasms represented a natural counter- 


part of the e.xperimental induction of tumors with estrogens. 

Geschickter-^ injected an unstated number of castrated rabbits with dailj' 
doses of 0.5 or 1.0 mg. of dimothylstilbe.strol. Three rabbits developed papil- 
lary cy.stadenou\a of the breast in ten to fifteen months, and in one this pro- 
gressed to carcinoma at twenty months. 

Dogs . — ^j\Iaramary cancer is one of the commoner forms of canine neoplasia, 
and the incidence is relatively high in old females."-’ "" With two exceptions in 
which dogs with mammary tumors were used for experiments in therapy, publi- 
cations on this subject have dealt exclusively with morphologic aispects of the 
neoplasms. Eecently, Huggins and hfoulder"'-' have applied this material to 
more extensive experimentation. 

Most of the neoplasms are mixed tumors containing in addition to neoplas- 
fac epithelium, at times, myxomatous tissue, cartilage, osteoid tissue, and bone. 

le tumors are formed of multiple nodules which maj’^ be firm or cystic, and 
a though these nodules are usually Avell encapsulated and discrete, the skin is 
sometimes invaded. All breasts may be involved, but the mammary glands of 
s inguinal region are the most common site. The histologic picture of the 
epithelium varies in arrangement from small acini to large cjmts containing 
papillarj"- processes. Metastases are found in the regional l^’^mph nodes and in 
e lungs, usually in the form of papillary carcinomatous cysts. This tissue 
'u tiansplants to abdominal connective tissue stimulated local bone formation."" 

Huggins and Moulder studied 120 mammary tumors in 31 dogs. Metas- 
ases were present in 4 dogs. All the dogs also had tumors of the adrenal 
cortex made up of cells which resembled the cells of the zona fasciculata. The 
a renal tumors were not confined to females with mammarj’^ cancer but were 
ound often in other old dogs, both male and female. The anterior pituitary 
was usually large in females with tumors. 

In nineteen dogs, fiuid could be expressed from the nipple overlying a 
mammary tumor. Solids, fats, calcium, and citric acid were decreased, and 
e chlorides and alkaline phosphatases were increased in this fluid in compari- 
son with normal milk of dog's. Ovariectomy and adrenalectomy of dogs •with 
uinois did not suppress mammary secretion for prolonged periods. 
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1 he inipovtniiee oi‘ tlio use oi tlie j)i oxperjjiieiits' on Jiiajiiinary ear- 
eiuogenesis needs einiiliasis because ])revioji.s studies have been limited to ro- 
dents. Inbreeding of dogs in order that Jioinozygons strains may become 
available has been commenced at the Ttoseoe B. Jackson Itlemorial Laboratory. 

Gunica Piy.s uiul Monkeys ;. — Tliere are lU) reports on the induction of mam- 
mary carcinoma in guinea pigs nr in monkeys. In reviews of his extensive work 
on tlie hormonal induction and suppre.ssion of fibroids in guinea pigs, Lip- 
sebiitz^"’ ** stated that adenofibroma of tlie brea.st has rarely been produced but 
that no carcinomas have been seen. 

Three laboratorie.s have iiyiected rhesjis jnonkeys with estrogens for pro- 
tracted periods without induction of neoplastic changes in the breast. At Yale,’ 
in experiments begun in 1930, six monkeys have survived several years’ inten- 
sive treatment with estrogenic hormones in high doses. Folley and eo-workers'° 
reported that no carcinomatous changes were obseiwed in the mammary glands 
of six monkeys Avhich were injected daily Avith estrone either contimiousfy or 
for the major part of periods varying between one and three years. Gescliick- 
ter-’’ has maintained six monkeys on continuous injection of e.strone or estradiol 
for over three years without neojilastic effects. 

VOSSIIIUE I.MI*I.1C.\T10XS KOIt M.\N* 

It is tempting to speculate how far the expei'imental findings on animals 
extend to the genesis of mammary turnons in man. A considerable number of 
paper’s drawing such parallels and deductions have appeai-ed in the literature, 
and reference to man has characterized the publications of a few laboratoi'j’ in- 
A’e.stigator.s. In vierv of the evidcjit difference.s in the factor.s that lead to mam- 
mary neoplasia in mice, in rat.s, and in rabbits, any but the most tentatir’C 
extrapolations to man must be regarded as unwarranted. 

The study of factors that may be of etiologic significance in the occurrence 
of mammary cancer in man has been based necessarily on statistics. It is 
well to realize the disadvantages of this approach. The reliability of any data 
based on histories of cases is alway.s dubious because it extends over such long 
periods, because of the incipient early .symptoms of the disease, and because 
the attention drawn to the breast in Avomen Avith tumors of the brea.st. AA'ith its 
resultant stimulus for remembrance and possible misinterpretations, is absent 
in the usual control groups of Avomen that may otherAvise be carefully selected 
for compari.son. Purthennore, it is too often forgotten that .stati.stieal correla- 
tion does not imply causal or other direct connection. 

There is some evidence that there are significant differences in the inci- 
dence of mammary cancer in different populations. This is particularly strik- 
ing in the Ioav incidence of mammary cancer in Japanese as compared with 
European women. There is also a predominance of mammarA’ cancer in the 
ancestry of AA'oraen Ai-itli such tumor.s. Perhaps the most impressive data have 
been presented by ilartynova in Russia, Waaler in Norway, and Wassmk m 
Holland.^' Added to the statistically recorded preponderance of maiuniarj’ ean- 

^Tndo.signatea reference.s in this section are to be found in the paper by Shimkin.® 
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cer ill families of patients ivith inaniniary caneer are oeeasioiial strikiiiK family 
histories, including simultaneous oeeurrence of mammary cancel' in homologous 
twins. 'Whether these cases arc coincidences in a relatively common disease, 
or whether these occurrences have actual significance is not entirely e.stahlished. 

The difficulties encountered in the compilation and evaluation of data on 
the familial occurrence of mammary cancer in man may he gaged by the ex- 
tensive work that had to he performed before similar findings were made on 
noninbred mice. It took three generations, all under continual control and 
ob.servation, to establi.sh that cancerous ancestry increased the incidence of 
mammary tumors in the mice colony of .1, A. Murray. In rats and rabbits, as 
well as mice, familial occurrence of mammary tumors has been a striking fea- 
ture. Such familial occurrence, although nece.ssarily involving hereditary sns- 
ceptibilitj’^, may be due to common environmental conditions, habits, or some 
transmissible agents or factors. 

Mammarj’ cancer occurs but rarel.y in the male of any species. In man, 
the comparative incidence with females is in the neighborhood of 1 to 96. This 
may be attributed to the absence of .stimulation by ovarian hormones in the 
males. It implies that the male brea.st is a rndimentai'y organ, and cancer of 
the breast cannot develop when there is practically no breast. The direct 
relationship, therefore, is between hormones and mammary development and 
not necessarily between hormones and mammary cancer.^'’’ 

There is no evidence in the litei'ature that proves that even heavy and 
protracted use of estrogenic substances has been instrumental in producing 
mammary carcinoma in women. If parallels are to be drawn between ex- 
periments on animals and the danger of the compounds in clinical use. it would 
have to be decided whether man mo.st clo.sel.v resembles the mouse, in which 
mammary tumors are elicited with physiologic doses, the rat, in which the 
carcinogenic dose is apparently considerablj' above the physiologic limit, or the 
guinea pig or monkey, in which carcinomas have not been elicited. Never- 
theless, the possibility of carcinogenesis with the heavy, protracted use of these 
agents cannot be neglected, although of even greater impoi-tance is the danger 
of using such preparations for the treatment of breast masses which are clini- 
cally diagnosed as benign, thus leading to procrastination in .sui’gieal interven- 
tion for possible early carcinoma. 

Hormonal stimuli are so essentially involved in all phases of development 
and function of the breast that it is impossible to dissociate them from the proc- 
ess of mammai-y carcinogenesis. There is no impressive evidence that the 
honnonal complex has to be abnormal for the genesis of mammary tumors in 
mice. On the other hand, it is suggestive that manimary tumors in rabbits are 
often associated with manifestations of hyperestrinism, and adenofibromas of 
the breast occur in the Albany strain of rats which show signs of liypopitui- 
tarisni. In all species that develop mammai'y tumors sufficieiitlj^ radical altera- 
tions induced in the hormonal balance will undoubtedly be reflected in changes 
in the incidence and time of appearance of the tumors. 

A considerable number of statistical and more direct studies have attemp- 
ted to ascertain whether liormoiial abnormalities are associated with the oe- 
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cvirreuce of iiiiumnary cancer in man. No significant difTerences liave been en- 
countered in the Jiistories of tlie nieiistniaJ periods of women ■wdlii breast can- 
cer as compared witli normal women, and investigalions of tlie menstrual cycles 
of j'ounger women with mammary cancer have yielded no striking observations. 
C^'tologic studies of the pituitaiy gland of women with mammary cancer 
showed no deviation from normal. In these re.spects, the data are similar to 
the obsei’vations on mice. 

It has been noted repeatedly tiiat cancer of the breast is more common 
in the unmarried and nulliparous women than in women wlio have borne eliil- 
dren. Dorn indicated that the incidence is bigbc.st in married women Avitbout 
children and concluded that many of these women may be involuntainly sterile. 
The impre.ssion that low fertility in Avomen is a.ssociatcd Avith a liigher incidence 
of mammary carcinoma is further substantiated by a smaller average number 
of pregnancies and viable children and a higher percentage of miscaindages in 
AVomen who develop breast cancer, tn this i-cgard, the data on man recall the 
observations on the AlbauA' strain of rats. 

The relation of possible hormonal disturbances to mammary cancer in man 
fias been studied more directly by analy.scs of urinar.v e.veretion of liormones 
and related substances. !Most iin’cstigators have concluded that the excretion 
of estrogens and androgens and other .steroids is not abnormal in the presence 
of cancer of the breast. Kecent Avork at the Memorial Hospital in Ncaa York. 
hOAA-ever, suggests changed quantitath-e relationship of ketostoroid compounds, 
probably of adrenocortical origin, in the urine of patients Avitb mammary can- 
cer. The frequent occurrence of adrenocortical tumors in dogs Avitli mani- 
marj' tumors and in castrated mice is brought to mind. There is yet no clinical 
cAudence, boAVCA'er, of any specific endocrine dysfunction as the cause of mam- 
mary cancer in man. 

The contention that nonlactation is an important factor in tlie genesis of 
mammary cancer, particularly .stressed by Adair on the basis of statistics on 
man and bj’’ Bagg on the basis of experimental Avork on mice, is not impressiA-e. 
It is probably time that mammary cancer is more frequent among women Avbo 
do not suckle their children than among Avoinen Avbo do. This may be evi 
dence of a preAdous inflammatory state or a physiologic deficiency, possiblr 
connected Avith a predisposition to neoplastic groAvth, rather than of carcino- 
genic potentialities of retained or inspissated secretions. Certainly in the 
mouse, nonlactation per se has little if any direct etiologic relationship to 
carcinogenesis. 

klany clinicians and statisticians have stressed the importance of preAdous 
disturbances of the breast in the etiology of mammary cancer in man. Lane- 
ciaypon found significant correlation betAveen the presence of mammary cancer 
and an antecedent history of nonsuppurative mastitis and structui’al or func- 
tional abnormalities; no significant correlation was elicited in the oeenrrenee 
of suppurative mastitis, cracked nipples, and trouble Avith the breast in connec- 
tion Avith menstruation. Perhaps as an index of the Ioav reliability of such 
data, the highest correlation in this series was obtained between external trauma 
to the breast and subsequent development of cancer in that breast. 
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An improssivc nninber o£ luitbors have subsevibed to and developed the 
view that cystic disease and otber bcnijxn masses of tbe breast in women in- 
creases tbc calculated risk of developing carcinoma. From Ibc standpoint of 
experimental work on animals, tbis is fully corroborated. In mice, rats, and 
most of tbe rabbits, no sharp delineation can be made bislol<)”;ically between 
normal physiologic hyperplasia, various cystic, adenomatous and papillary ab- 
normalities, and frank malignant growth. In mice tbc tumors arise as smalt, 
compact, adenomatous nodides which progrc.ss gradually and continuously into 
invasive, metastasizing neoplasms; cystic dilatation of tbe ducts or lobules is 
of inconstant relationsbiii to neoplasia. In most rabbits, tbc carcinomas arise 
as papillary growths in mammary cy.sts. so that cystic disease is a direct pre- 
cursor of neoplasia. Wbelber these processes arc continuous, that is, reprc.sent. 
different stages of one reaction, or whether some of them represent terminal 
and separate end re.sults is of course unknown, and decision cannot be made 
on histologic grounds. 

Compai'able with the morphologic observations, studies on the physiologic 
function show a gradual transition from the normal breast to the frankly neo- 
plastic. Hormones, particularly the estrogens, are essential for the develop- 
ment, preservation, and normal function of the epithelium of the normal mam- 
mary gland. Tumors of the maimnarj’ gland are also dependent upoii hor- 
mones at least to the extent that the normal tissue from which the tumors must 
arise is under the eoirtrol of the hormones. Chronic cystic mastitis and fibro- 
adenoma in women are apparently connected with or depend upon existent ovarian 
function, althongh, as Taylor stated, analysis of clinical histories, as well as the 
estimation of estrogen and prolan in the urine, has 3iot to the i^resent time 
proved that these conditions are due to any simple excess or lack of estrogenic 
or gonadotrophic hormone. However, both chronic cystic jnastitis and fibro- 
adenoma respond to hoi'monal stimuli incident to pregnancy and to menopanse. 
Fibroadenoma of tbe vat is also markedly influenced by hormones. With fully 
established carcinoma, only a moderate reaction to hormonal stimuli is occa- 
sionally noted in some eases. The breaking awaj'’ of the epithelium from nor- 
mal hormonal control may he stated as one of tlie manifestations of the gradu- 
ally acquired autonomy of the cells. 

It is abundantly clear that in all species, carcinoma of tbe mammary gland 
IS the end result of an intricate, prolonged interaction and combination of at 
least several factors or complexes of factors. In all species, a degree of genetic 
susceptibility and a degree of hormonal stimulation are essential, and the proc- 
ess can be modified by nnmerons secondary influences of internal and external 
environment. In mice a most important contribution has been made by tbe 
discovery of the transmissible milk factor wdiich is necessarj^ before the altera- 
tion can proceed beyond the stage of cystic or otber bj’^perplasia. It is not 
known whether a similar factor is operative in rats, rabbits, or otber species. 
In fact, data are accumulating that suggest it is not essential for tbe develop- 
ment of all mammary cancers of even tbe mouse, althongh the findings by no 
means eliminate the possibility if latent forms of the agent ai’e postulated. 
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It is cjuitc possible that siiiiilav agents, perhaps iu closer symbiosis with the 
cells and not transmissible in the milk but by intrauterine routes or by the 
cytoplasm of the ovum, play a similar role in the genesis of mammary carci- 
noma of other species, including man. It is also evident that, at this time, 
these are mere postulations, although premature deductions are already appear- 
ing in the literature. 

.^Vlthough it is po.ssible that tlic fundamental mechanism of transformation 
of normal cells to maiigiiant neoplasms ttlu* so-called intrinsic or formal gene- 
sis of cancer) is the same for all types of colls and all species of animals, the 
inciting factoi'S leading up to the development of the malignant stale (the so- 
called extrinsic or causal genesis of cancer) are obviously dilTerent for different 
t3'pes of neoplasia and different sjiecies of animals. In fact, it is ju.st as 
possible that not all mammarv carcinomas in one species of animal can be 
grouped etiologically. For example, it is not o.stablished that the mammary 
cancers of mice in wliich the milk agent is ojierative are the same as those 
induced b}' the administration of metbjdcbolantbrene, or that the cancers of rab- 
bits which develop on the basis of recurrent c.vstie disease are the same as those 
that arise as discrete adenomatous uodxdcs in otherwise normal breasts. 

Extrapolation from one species to another and from one t.vpe of tumor to 
another is not warranted at this incipient .stage of knowledge of the nature of 
the neoplastic reaction. It is sounder, at least for the pragmatic purpose of 
encouraging further progi'ess that must be derived from actual experimenta- 
tion rather than theorization, to accentxmte the careful, patient analj'sis of each 
possiblj’’ divergent t.vpe of cancer, with the well-founded hope that eventually 
this information ma.y be .s.vnthesized into a coherent whole. 
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PARENTAL INFLUENCE ON ]\IA]\BIARY TTOIOR INCIDENCE 
C. C. Littli:, Bau IlARnou, I^Ik. 

T ub degree of knowledge wliich ■vvc possess concerning the role of consti- 
tutional factors in the etiology of cancer of the breast differs markedly for 
miee and for human beings. This is not surprising, for it is mcchanicallj’- much 
easier to observe the entire life span of mice not only for one but for many 
succeeding generations. It is also possible to isolate strains of mice bj" rigid 
and close inbreeding in a manner cntirclj' impractical for human beings. 

Anyone familiar with both types of material will recognize points of simi- 
larity and points of difference between them, lie will, therefore, be extremely 
cautious in exchanging or in extending conclusions based upon data derived 
from either t5'pe of material alone. It will be well to examine some of the 
points of similarity which one finds in human beings and in mice in order to 
determine, if possible, the categories of experimental findings that might apply 
to both. 

SIMILiVRITIES IX THE JIAMJIARY SYSTEMS OF JIICE AND IIUJIAN UEINGS 

Fnnetion . — The function of the mammary sj'stem in both mice and human 
beings is the formation of milk for the feeding of the young from parturition 
until the development of the ability for independent injestion of food. 

Cyclic Changes . — The mammary system follows a series of cyclic changes 
which are closely related to hormonal activity. 

Hormonal Homology ,. — As far as is known, the hormones controlling cj'clic 
changes in the mammary system are the same in mice and in human beings. 

Sex-Limited Incidence . — Largely because of different degrees of develop- 
ment of the mammary system in the two sexes, a situation which in turn may 
have a hormonal basis, the normal, functional male individuals rarely develop 
mammary cancer. 

Relative Age Distribution . — In both mice and human beings the peak of 
mammary tumor incidence coincides with the period during which the reproduc- 
tive activity of the female is on the wane. In both cases, also, the relatively 
few very early cases which occur tend to be more rapidly growing than those 
of the later age groups. 

Most Frequent Tumor Type . — In both cases the most frequent type of malig- 
nant tumor of the mammary system originates in the adenomatous elements of 
the mammary tissue. 

POINTS OF DIFFERENCE 

The points of difference are not listed in any particular order of real or 
apparent importance, but may be summarized as follows. 

Frequency of Metastasis . — Metastasis of mammary tumors is much more fre- 
quent i n human beings than in mice. This may be due in part, at least, to the 
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absolute size of lymph ducts and to the relative extent of tumor surface in the 
two fomis. 

Amount of Dcdif} crentialiun . — Human mamnnuy tumors tend to reach the 
“carcinoma simplex” degree of dedifi’erentiation more frequently than those of 
mice which retain more commonly recognizable adenomatous structure. 

Amount of Metaplasia . — ^]\lice more than human beings tend to .show, in the 
tumor ma.ss, areas of columnar squainoms epithelial cells. Whether or not this 
is due to a moi-e primitive type of tissue reaction in the nmmmary tissue of mice 
is uncertain. 

Relation to Lactation . — Another jm.ssible point of difference is in the rela- 
tive frequency of mammary cancer in virgin or in bi-ccding females. In mice 
there is no instance on record in which the incidence of mammary tumors is 
higher in virgin animals than in 1)rceding females of the same .strain. Human 
data, however, seem to indicate different relationships. There seems to be a 
general and significant excess of cancer of the breast iii unmarried women. 
Admittedly this classification is a social rather than a purely biologic one. The 
difference is difficult to explain although certain distinctions seem to hold good 
as follows. 

(1) There will be a higher rate of pregnancy and of lactation among mar- 
ried women as a group than among unmarried. 

(2) In so far as normal endocrine function is concerned tlierc seems to be 
a greater chance that a higher proportion of normalcy will exi.st among mar- 
ried than among unmarried women. 

(3) Abnormal endocrine unbalance is, in certain laboratory material, a pre- 
disposing factor in the formation of tumors. 

(4) It seems reasonable that the.se facts may have some bearing on the situ- 
ation, because the retention of female mice as virgins is carried out on a basis 
which does not recognize abnormal endocrine function nor are animals which 
are naturally abnormal I'Otained in a stock because they are not successful 
breeders. 

From this brief comparison it will be apparent that the points of similarity 
in the two types are much more basic in their biologic significance than are the 
points of difference. This fact should be bonie in mind when clinical or experi- 
mental research on the etiology of human mammary tumors is being planned. 

ETIOLOGY OF JIAMMARY TUMORS IN MICE 

We may next review briefly the experimental evidence on the various 
etiologic agents which affect mammary tumor incidence in mice. 

A careful and thorough discussion of this problem has been developed by 
Bittner who distinguished three main avenues of influence as (1) genetic (chro- 
mosomal), (2) hormonal, and (3) through the milk. Each of these may be 
considered as being of importance in its omi ivay. Apparently the most im- 
portant is the last named. Its existence was demonstrated as follows. 

When a “high tumor” strain is crossed with a “low tumor” strain the 
incidence of mammary tumors in the first hybrid generation animals depends 
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pninarily upon whellier tlic foiiinlc j)iireiii ooines fi’oin the liigli tuiiioi' or the 
low tumor strain. As an example of the tumor ineiilenee in .such a cros.s the 
following figures may he cited from Bittner. 

High tumor ? x low tumor $ = mammaiy tumor incidence over 90 per cent. 
Low tumor $ x high tumor 3 = mammary^lumor incidence under 5 per cent. 


Inasmuch as the chromosomal complex in the two categories of first gen- 
eration hybrid females was identical, it is evident that some jiowerful influence 
other than chromosomes is active. 

The existence of this difference in the two types of hybrids was recorded 
by the staff of the Jackson lilcmorial Laboratory in 1933 and by Korteweg in 
Amsterdam almost simultaneously. 

The next step was to locate, if possible, when and how the influence was 
transmitted from parent to offspring. This was definitely cstalflishcd l)y Bitt- 
ner who fostered newborn young of the two types on nursing females of the 
opposite sort with the following results. 


Hybrid 9 ’s from high 9 x low 3 
■ Hj’brid 9 ’s from low 9 x high 3 


XUItSKDBY $ 
KKOM HIGir STOCK 

95.0% tumors 
8S.G% tumors 


XUnSKDBV 9 
FROXr BOW STOCK 

3.3% tumors 
1.4% tumors 


It is, therefore, clear that the process of nursing is able to transfer from 
the mother to the newborn young some influence that veiy largely determines 
the incidence of mammary tumors in later life. 

Nursing as such is not the only rvay to transfer this type of influence, 
however. Bittner showed a significant increase in mammary tumor incidence 
when implants of bits of spleen from a high tumor strain were made in j^oung 
animals of a low tumor type. 

Woolley, Law, and Little also ijroduced a similar result by inoculation of 
whole blood from higli tumor strain animals into young, low tumor strain 
individuals. 

All of these experimental procedures had to be carried out when the ani- 
mals were young. The reason for this appeal’s to be the fact that the degree 
of growth and type of mammary gland architecture differ in high and low 
tumor strains. Van Gulik and Korteweg showed a structural difference in 
the amount and extent of terminal bud formation in the branches of mam- 
mary glands and proved that “fostered” animals developed the general type 
of gland structure, which characterized the strain from which the foster mother 
' was selected. 

Pekete, in a comparative study of the mammary glands of high and low 
tumor strains, has shown very interesting and important differences in be- 
havior of the glands in the two t 3 T)es. 

During pregnancy, twenty observations on mammary glands of low tumor 
females showed one structural or functional abnormality. This was acute 
mastitis in one female. During lactation sixteen observations showed three 
cases of acute mastitis and one case of obstruction of a nipple. During resting 
periods eleven observations showed one case of acute mastitis. 
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Similar iiei'iods oljscrvcd in animals of a high tinnor strain gave the fol- 
lowing results. In prcgn:iney, twenly-onc observations .showed a large number 
of abnormalities as follows: Persistent growing area, one; thichened walls of 
duets, two; chronic mastitis, two; acute mastitis and metaplasia, one; neo- 
plasms. six; persistent secretory activity, two. In lactation, fifteen observations 
showed three eases of acute mastitis, two chronic mastitis, two neoplasms. 
During the resting periods, fifteen obsoiu'ations .showed acute ma.stitis in three, 
areas of persistent secretion or growth in foui’, chronic mastitis and metaplasia 
in one, and neojilasms in two. 

Persistence of secretion and growth, failure to ad.iust locally to the gen- 
eral physiologic level of the gland as a whole, characterized the animals of the 
high tumor strain. 

These differences lead us to the second type of influence operative in the 
incidence of mammary tumors in mice, namely, those which are hormonal in 
nature. 

It will be well to recognize that any classification based on such a term 
as "hormonal" will probably be broken down and redescribed as our knowl- 
edge of the causes of hormonal variation increases. It may be that the level 
of hormonal activity can be materially affeeted by some influence transmitted 
during nursing or during intrauterine dcA-elopment. It may be that chromo- 
somal factoi’s will be foiind which determine wide differences in degree of 
hormonal activity. In fact, one such gene affecting the activity of the hypo- 
physis in mice has already been described and analyzed. It produces defective 
hypophyseal development and results in the animal being a sterile dwarf. 
There is every reason to believe that minor differences in degree of endocrine 
activity might also liave a genetic basis. 

"Wliile further data on the origin of hormonal differences are being col- 
lected, hoAVGver, it is interesting to record the results of studies on the various 
inbred strains of mice that already exist. The incidence of mammary tumors 
is very clearly affected in at least one inbi-ed strain of mice by the factor of 
pregnancy. This strain is the A albino strain, long inbred and, therefore, 
possessing a high degree of genetic uniformity. Breeding females of this strain 
produce about 88 per cent mammary tumors while those kei^t as virgins form 
only about 5 per cent. This condition may be contrasted with a high tumor 
stock such as C3H where both virgin and breeding females produce more than 
90 per cent mammary tumors with no significant difference between the two 
groups. A condition intermediate bet-ween these two strains is found in the 
dba (dilute brown) stock Avhere there seems to be about 80 per cent mammary 
tumor formation in the breeding females and 50 per cent in virgin females. 

Endocrine influences on mammary tumor development were demonstrated 
beyond any doubt by the classic experiment of i\Iurray Avho, by transplanting 
subcutaneously in castrated male mice of the dba strain an ovary from a sister 
animal, caused a considerable number of these "feminized" males to develop 
mammary tumors. These neoplasms were of the same general type as those 
commonly developed by virgin females of this same strain of mice. 
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Lacassagne Irtler sliowccl tluit i1 was ihc cs(rogenic hormone of the ovary 
that produced the eondilions necessary for mammary tumor development in 
male animals. 

_ Ijlvidence that absence of ovarian hormones decreased the likelihood of 
mammary tumor formation in mice of this stimin lias also been recorded by 
Murray. Whether, and if so to Avhnl degree, this relation.sliip exists in human 
beings is debatable. 

A third type of influence is that exerted through orthodox genetic chan- 
nels, namely, the chromosomes. 

Evidence for this influence is .somewhat difficult to obtain because the 
strong effect of the milk influence and the complications which are introduced 
by variation in hormonal aetivitj- tend to nia.sk the Ic.ss powerful genetic effect. 
Bittner, liowever. has elearl.v shown that the genetic influence exists and that 
it .is more evident in Ej generation hybrids than in those of Fo and subsequent 
hj^brid generations. The quantitative relalionsliip between Fj and F; hybrids 
and between Fj hybrids and a backcross between such animals and a low tumor 
strain suggests that the situation may be eventually analyzed. 

The relative incidence of mammary tumors in the three generations of a 
cross reported by him is as follows: P„ 95 per cent; F^, 76 per cent; backcross, 
53.5 per cent. 

If the genetic influence was due to a single IMendelian dominant, the ex- 
pectation in this material would be: Pj, 100 per cent; Ps, 75 per cent; back- 
cross, 50.0 per cent. 

Very eleai’ly the observed results, in so far as they go, are consistent with 
that interpretation. They should not, however, be considered as conclusive of 
the point at issue. 

HUMAN DATA 

1 The absence of anything resembling a strain of inbred human beings with 
known mammary tumor incidence at once limits the study to statistical 
methods. It would, however, he of the greatest importance to conduct such 
studies and they would not' be unduly difficult or complex. Incidence of all 
types of neoplasms in a sufficiently large population of surgically ovariectom- 
ized women would be of distinct value in comparison with that in a similar 
sized population of the same age and degree of reproductive activity, with 
no operations. It might well rcAmal some results that would provide a basis 
for estimating more exactly the degree of correspondence or difference be- 
tween the human and the laboratory material. 

Similarly, if one reviews the literature on the genetics of cancer in human 
beings he is struck with two important facts, or, perhaps better, attitudes on 
the part of investigators. The first of these is the reliance on human pedigree 
data which is one of the commoner ways of presenting evidence of hereditary 
tendencies. It will take only a moment’s consideration to realize that unless 
the individuals included in these pedigrees have been directly observed, the 
evidence which they present is secondary in nature and must involve at least 
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some of tlie factor of Ijercsay. No amount of careful analysis of jmmary data, 
■which in fact are not com]ilctely accurate, can provide the degree of accuracy 
which is lacking. 

Since no institutioji has collected dii'cet observational records on several 
generations of human beings one cannot use the published data as confirmation 
or denial of the application of principles which have been demonstrated in 
laboratory animals. 

This does not moan that the imperfect data on human beings are without 
value. Such data can be and arc mf/ficslivc. In so far as they go they indicate 
the probability of familial tendencies to develop not only cancer in general, but 
cancer of the breast in particular. 

The second "attiUidc” is that seen in extensive and comprehensive statis- 
tical studies. Here again the presence of cancer and the subsequent classifica- 
tion of the individual as “cancerous” depend upon the cause of death as 
recorded by many observers. Those observers have different degrees of train- 
ing and of scientific responsibility and reliability. There is no way of deter- 
mining the relative degree of accuracy of their records. For this reason 
massed statistical data must also be evaluated as being of limited importance. 
They also can be suggestive but not conclusive. 

The problem of parental infiuence in the formation of mammary cancer in 
man is one which can and shoidd be investigated. Its study would involve 
direct observation and a program of sufficient duration to enable the research 
worker to contact two generations at least. 

It should be possible to obtain records of several hundred or perhaps 1,000 
women who have proved adenocarcinomas of the breast and who have had 
three or four children now adults. By dividing the progeny according to 
whether or not they were nursed or were only bottle fed, two groups can be 
set up. If cancer of the breast in human beings follows the same general type 
of behavior as mammary cancer in mice, the daughters of cancerous women, 
especially those nursed by their mothers, should sho-w definitely more cancer 
of the breast than of organs other than the reproductive system. They should 
also show more cancer of the breast than their brothers .show cancer of any 
one type. These facts, if established, would do a great deal toward indicating 
the next line of research to be undertaken. 

The demonstration of the existence of a "milk influence” in human beings 
would at once open the way for a new series of experiments on hormones and 
on the chemical analysis of the milk itself. It should be relatively easy to 
dispose of this question in one way or the other even before any specialized 
center for the study of human biology has been established. 

SUMMARY 

• 1. The experimental evidence derived from a study of the etiologic factors 

affecting mammary tumor incidence in mice indicates that there are three main 
groups of influences : 

(a) “Milk” influence transferred during the period of nursing. 
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(b) Hormonal influences possibly having a genetic basis. 

(c) Chromosomal influences possibly afTccting flic .slructurc and/or the 
reaction of the mammary tissue and also the rate and amount of endocrine 
actmty. 

2. The results are sullliciently important to .iustify a study of human mate- 
rial to discover to what extent the conclusions based on laboratory animals may 
properly be extended to human beings. 

. 3. Care should be exercised in recognizing the limitations of present methods 
of collecting and anal}'zing human data. 

4. With reasonable foresight and moderate resources much could be accom- 
plished over a five- to ten-year period. 
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THE PROGNOSIS OP BENIGN LESIONS OF THE FEMALE BREAST 
Cavtaix Siiiui.DS AVauukx, Mkdical Coups, U.S.N.R. 

(From the Lahoratorirs of Fatholoffjj of the JTnrvnrd Cancer Cornmission and of the Xcw 
England Deaconess Hospital, Boston, Mass., and Department of Tathologij, 

Harvard Medical School) 

V^^HILE a large and as j’ct nndetormined number of cancers of tlie breast 
VV appear to arise ^vilhont antecedent patlmlogic cljange, certain benign lesions 
predispose to the development of mammary malignant tumors. Some of these 
lesions have been almost universally regarded as precancerous; some controvers}'^ 
has existed as to the signifieance of others. At least a portion of tliis uncertainty 
was based on confusion in terminology of tlie lesions. 

The more important lesions of the breast will be defined for the purpose 
of clarity, and their relation to cancer considerecl. 

Many lesions of the breast are variable in extent and dcgi’oc. iMoreover, 
a breast may not present uniform characteristics llu-oughout, and its physiologic 
lability further complicates the picture. In any attempt to classify such lesions 
these points must be kept in mind. 

iivPj;nTOOPiiY 

At or following puberty, one or both breasts may enlarge to an excessive 
degree. The enlargement does not produce symptoms other than those referable 
to its size. The consistency is essentially that of a normal breast. On section 
the breast tissue is diffusely flbrotic. AVhen studied microscopically the enlarge- 
ment is found to be due chiefly to mercaso in tlie connective tissue elements, 
sometimes associated ■with periductal edema. The fat may also be considerably 
increased, but enlargement in brca.sts which siiow an a])prcciable amount of fat 
should be considered as due probably to obesity rather than to hyiiertrophy. The 
epithelial elements of the breast take little paiT in tlie process, although there 
is some increase in the ductal elements. Assays of tlie urine of those patients for 
estrogenic hormones msually show the estrogens to be within normal limits, 
although they may be slightly elevated.^ This condition does not predispose to 
the development of caremoma. 


ADEXOFIBKOSZS 


The breast in the lesion of adenofibrosis is diffusely flbrotic or finely nodular. 
In the early stages the breast shows cyclic swelling, more marked premenstrually 
and lessening with menstruation. Later, the slight to modei’ate increase in size 
becomes permanent. Pain, which is the feature of the process that usually 
brings the patient to the physician, is ordinarily more severe in the premenstrual 
period and is relieved hy menstruation. The swelling and pain may be accom- 
panied by venous engorgement. The parenchyma of the breast is somewhat 
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rubbery. In the earlier si ages, llic increased consistency may be somewhat focal 
or even give a fincl.v nodular lextuve but later the regions of firmness lend to 
coalesce, producing a single solid mass Avilh rather cleardy defined edges. On 
section the breast .shows a fairly uniform dull white color and is clearly fibrous 
in nature. Througli the firm, wliitc, .somewhat resilient connective tissue will be 
scattered small gray or gray-pink foci. Slicroscopic study reveals these to be 
regions of periductal and pcriacinar edema, often with lymjihocytic infill ration. 
Later the collagen is fairly dense. Changes in the epithelial elements arc not 
significant and do not constitute an integral part of the process. Study of 
hormonal output has not revealed definite abnormalities.- This condition rarely 
persists beyond the menopause ; it is not known to be prccanccrous. 



Pig. 1. — Focus of chronic mastitis showing- slight epithelial hyperplasia. 


CHRONIC MASTITIS 

The lesion of chronic mastitis is probably basically adenofibrosis Avith epi- 
thelial proliferation of a mild type or abnormal secretory activity of the 
manMiary epithelium supei’posed. Thei'e may be serous discharge from the 
ippple. Certain of the cases classified by Nathanson^ as "nonpuei’peral secre- 
tion” and by Semb® as ‘‘microeystic fibroadeuomatosis” belong in this group. 
On palpation of a breast of this type, soraevdiat granular or nodular and at 
times firm coi’dlike stnietiires may be felt, often radiating out from the region 
of the nipple. The nodules are not hard but somewhat elastic. On section the 
breast tissue is dull Avliite or sometimes shows a faintly bronmish tinge and a 
scattering of small cystic spaces not much moi'e than visible to the naked eye. 
Inspissated secretion in small amounts may sometimes be squeezed from the sur- 
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face. This le.slon has been de.seribed by Cole and Rossitev as “benign parenchy- 
matous hyperplasia.'’’ 

^lieroscopieally periaeinar and periductal connective tLssue is increased 
and is often edematous. Lymidioeylic infiltration may occur. This was the 
justification originally for calling this lesion “nurstitis” but the infiltration is 
pi’obably not inflammatoiy. Some dilatation of the duets will be apparent, the 
lumens often containing secretion and epithelial debris. Ordinarily the epi- 
thelium of the ducts and acini is slightly hy])cri)la.stic. In extreme cases the 
proliferated epithelium may ])ractically fill the ducts. At times there may be 
in the breast foci of closely packed, almost solid masses of ductal and acinal 



Fig 2. — Chronic nia^Utis with ninrhed epithelial hyperplasia and jetainecl secretion. 

epithelium, which superficially resemble neoplasia. As i\as wisely pointed out 
by Bloodgood,® these foci are actually benign in spite of the .somewhat bizarre 
and highly cellular picture that they may present. In its moi’e marked forms, 
this condition, unlike adenofibrosis, may persist after the menopause. The 
le.sion is probably due to endocrine dy.sfiuiction in which the normal cyclic char- 
acter of the secretion of estrogens has been disturbed. As Nathanson’ pointed 
out, the process might he caused by continuous e.strogenic stimulation lacking the 
counterbalance of adequate production of corpus luteum hormone. Somewhat 
similar changes may be pi'odiiced in mice by repeated injection of estrogens.® 

In its milder forms this lesion is not precancerous but in those in which 
marked epithelial hyijei'plasia occurs, it must he considered as precancerous. 
Of special interest in this regard is the use of excessive amounts of estrogenic 
hormone in women for various purposes. There are instances in which the pio- 
longed use of large doses of estrogens has appaiently stimulated proliferation o 
mammary epitheliiuu \\ith tlie ultimate development of carcinoma, although sue i 
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occiuTciico lias not been proved beyond question. Of intcro.st arc tbe experi- 
ments of Lacassaguc." Jifalc mice Israel icallj' never sliowed breast carcinoma, 
even in strains of mice selectively bred for a high incidence of mammary car- 
cinoma in females. The prolonged administration of estrogenic hormones to the 
males produced considerable development of mammary tissue, and in this hyper- 
plastic breast tissue developed a proportion of mammary carcinomas comparable 
to that in the females. 

CHRONIC CYSTIC MASTITIS 

Chronic cystic mastitis present.s a variety of forms. The one common factor 
is the development of cysts readily visible, single or multiple. As has been 
pointed out by a number of observers, these cy.sts may have entirely lost their 
epithelial lining, they may be lined with essentially normal epithelium, or they 
may be lined with epithelium .showing varying degrees of hyperplasia and intra- 
cystic papillaiy proliferation. The blue-domed cyst described by Bloodgood 
usually does not show epithelial hyperplasia in its lining and is then in itself 
harrale.ss. However, it may be onlj’- one feature of a chronic cystic mastitis in 
which there may be a considerable amount of epithelial activity. When a soli- 
tary cyst occure, this usually is the result of occlusion of a portion of a single 
duct. Chronic cystic miastitis is most common toward the end of the childbear- 
ing period or just after the menopause. As Nathanson^ pointed out, conditions 
.such as adenoflbrosis or chronic mastitis ma}* imecede the development of chronic 
cystic mastitis. Pain is usually absent. Cyclic swelling is not an integral part 
of the process. A lum])iness of the breast, either localized or generalized, is 
the chief clinically distinguishing feature. It cannot be too cle.arbv emphasized 
that given an isolated nodule in the brea.st, it is impossible to distinguish by 
physical examination betAveen localized cystic disease and eai-ly carcinoma. The 
nature of such a lesion should be detennined by biopsy. After removal of a- 
breast with chronic cystic mastitis, section may show one or more thin-walled 
bluish cysts varying from several centimeters to a few millimeters in diameter 
in some portions of the breast tissue and, sometimes elsewhere, masses of 
inspissated material in dilated duets or acini or, still elsewhei’e, grayi.sh, opaque 
pultaceovis or granular circumscribed foci from which, on pressure, a gray or 
yellowish material may be expressed. The presence of a typical blue-domed 
cyst is no guarantee that the remainder of the bx*east tissue is nonnal and free 
from malignancy. More than once it has been my expei’ience in sectioning a 
breast to find present a carcinoma that had not been palpated by the surgeon 
entirely aside from the cyst which had led to the operation. 

Nathanson^ found no consistent pattern of excretion of estrogens in patients 
with cystic disease. However, the administration of estrogens wdth or without 
prolactin will lead to the production of cystic disease in the expei'imental animal. 

As has already been said, on microscopic observation there may be found a 
single flattened layer of epithelium lining the cyst or this may have atrophied and 
left present fibrous tissue alone. There is every gradation from this atrophic lining 
througli several layers of polyhedral epithelial cells to the active proliferation fill- 
ing the duet with emdeuce of cellular anaplasia and mitotic acthity, which lacks 
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only the occurrence of stromal invasion to warrant the diagnosis of carcinoma. As 
Cheatle and Cutler® pointed oiit, “the carcinoma process in the breast begins 
in an epithelial neoplasia in ducts and acini whicli eontimics to grow there before 
and after there has been a transgression of normal boundaries. . . .“ Since by 
external examination there is no sure way of distinguishing between those forms 
of chronic cystic mastitis which show little or no epitliclial activity and those 



Fig. 3. ciiionlc c'&tio rm'titis with intiaductal hM)t.rplasia picc.inceious 



p,g. 4 Hyperplastic epithelium in chronic cystic mastitis 
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which show marked cpilhelial h,v])orplasi!i, llie disease mosi he considered as 
precancerons. 

The follow-np studies carried on in this ]a])oralory several years ago® -were 
based on tliose women who liad developed clironic cyslie mast il is and the re- 
mainder of whose breast tissue had been allowed to remain in jdaee after excision 
of the local lesion in tlie breast. Since tlic worst foci of mastitis were removed, 
and apparently normal l)reast ti.ssue left bcliind, tliesc women sliould iiave been 
partially protected fi'om tlie develoj)mcnt of cancer. Ifowever, it was found 
that ill the age group from 30 to 49 years, patients witli clironic mastitis and 
chronic cystic mastitis showed 11.7 times as mueli carcinoma of tlie breast as 
the iMassachusetts female population of coni])arablc age. In tlie women over 50 
years of age, 2.5 times as much lireast cancer devclojicd. Averaging tlie entire 
group, 4.5 times as much breast carcinoma occurred in the group with chronic 
mastitis and chronic cystic mastitis as in the normal population. On the basis 
of this and other studies, we can therefore establish the following general rule 
for the management of chronic cy.stic mastitis, which must be considered as a 
precancerons lesion. 

If chronic cystic mastitis be localized and the woman be under 50 years of 
age or be particularly desirous of keeping the breast, no further therapy bejmnd 
the removal of the palpable ma.ss is immediately indicated. Such a patient 
should be followed at semiannual intervals and if a further mass develops, either 
a simple mastectomy or a radical mastectoni}" should be done according as the 
mass is determined to be benign or malignant. Since the lesions in both chronic 
mastitis and chronic cystic mastitis are apt to be bilateral, the logical procedure 
would be to amputate both breasts. There is not sufficient risk of subsequent 
development of carcinoma, however, to warrant or .justify bilateral mastectomj". 
In this opinion Geschickter concurred.^* 

If, on excision of a focus of chronic cystic mastitis or chronic mastitis, there 
is found evidence of definite precancerons hypeiqilasia, a siihple mastectomy 
should be performed on the affected side. As has licen emphasized by. Cole and 
Rossiter,^ it is incumbent on the pathologist to take an adequate number of 
blocks of breast tissue chosen from grossly suspicions areas to determine whether 
or not the precancerons hypei’plasia exists. 

INTRADUCTAL/ PAPILL/OMA 

Intraductal papilloma of the breast is essentially a complex papillary mass 
projecting into the distended lumen of a duct. The papillary mass is made up 
of complexly branching stromal bands often arranged in a frondlike pattern and 
usuallj'^ attached at only one point to the wall of the duct. These stromal bands 
are coated over with epithelium similar to that lining the duct. The epithelium 
IS usually cuboidal, rarelj^ columnar. The most common site is within 2 cm. 
beloLv the areola although they may be found elsewhere along the course of the 
ducts. The attachment of the intraductal papilloma is usually by a single stalk, 
although there may be several. Since the stroma is quite vascular, oozing ma}’ 
occur from its blood vessels, and either bloodstained or frankly bloody discharge 
from the nipple may result. 



THE BLEEDING NIPPLE 

Orwooi) J. Camimjku., jM.D., Pft.D., Minnkatolis, !Minx. 

(From the Department of Surgery, University of Minr]CSota Medical School) 

T he small number of articles in the American literature of the past ten ycai’s 
dealing Avith bloody discharge from the nipple would suggest a general ac- 
ceptance of the significance of this symptom and no challenge to the thei’apeutic 
measures recommended. 

Vai’iouslj- advocated arc simi)le excision, segmental resection, simple and 
radical amputation, thus allowing very considerable latitude in procedure 
adopted for lho.se cases in wliicli frank cancer i.s not demonstrable. 

A brief review of the subject and an outline of procedure is offered in the 
hope that, without sacrifice to the ])aticnts’ security, more limited operations and 
fewer simple amputations will become the practice. 

KEVIKW or niTERATURK 

The significance of a discharge from the nipple, particularly a bloody dis- 
charge, has been variously interpreted. Adair, Judd, and itliller and Lewis 
have found about the same proportion of benign and malignant lesions respon- 
sible for this sj'mptom. j\IaeNcal and Cheatle regarded bleeding as of gx’ave 
significance. 

- On the other hand. Cutler and Floyd and Haggard tliought that in the 
majority of cases bleeding vas due to small benign duct papillomas and rarely 
to malignancy. Hart, considering only papillary cj'stadcnoma, found that 
48 per cent of the benign, and 12 per cent of the malignant, cases showed dis- 
charge as the most prominent symptom. Joel has never seen malignant degen- 
eration in Ins cases of bleeding breasts. For twenty-three .years, ILiotlach and 
Urban did follow-up studies on thirty patients operated upon for bleeding nipple 
and ten not operated upon. In none did carcinoma develop. According to 
Bloodgood and Peck and Wliite bleeding is only a symptom and, occurring with- 
out palpable tumor, does not demand treatment. Hellwig, Hart, and Floyd and 
Haggard contented tliem.selves with local excision unless malignancy was found. 
Hinehey found cancer as the cause of discharge of all kinds, sanguineous and 
nonsanguineous, in 36 per cent of his eases. Stowei-s found malignancy in four 
of ten patients hamng bloody discharge from the nipple. 

Undoubtedly the difficulty in distinguishing between actively proliferating 
adenocj'stic disease and cancer' has complicated the problem of determining the 
true incidence of malignancy in patients with bloody discharge. 

Bloodgood has aptly called these “borderline tumors" and has pointed out 
the extreme rarity in which axillary metastases are found. To the unknown de- 
gree that pathologists have diagnosed these borderline lesions as cancer, the per- 
centage of malignancy associated with bleeding has been exaggerated. 

Kcceived foi' publication, Oct. 6, 1945. 
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Sanguineous discharge from llu* nipple is not a common syinjitom. Re- 
ported series of cases arc small. Ilinchcy quoted Gescliiciiter tliat, of 5,11S 
patients coming to Johns Hopkins Hospital because of a breast complaint 6 
per cent had bloody discharge. 

In 1934, I reported 233 eases of cystic disease, among -which there were 
S patients who had bleeding. Of 543 cancers of the breast upon which a radical 
ampiitation was performed at the University Hos])ilal, IS had bloody discharge. 

The 55 cases reported in this article represent the total number of patients 
admitted to the 450 bed IMinnesota General Hospital and to a 150 bed pi'ivatc 
Jlinneapolis hospital. 



Fig. 1. — A large solCary intraductal papilloma ; n ' ■ if the dilated 

"hot and the papilloma lying free except for the base. will be cen- 
tered in the base and in whether or not there is any ■ i surrounding 


KTTOLOGY 

The experience of a number of investigators has shown that duct papilloma, 
carcinoma, and cystic disease are responsible for most of the cases of bloody 
discharge from the nipple. In the series here reported there were nineteen 
patients with duct papillomas, twenty-one Avith carcinomas, thirteen with cystic 
disease and one with dilated ducts only. In one additional case, exploration 
Avas not done, but because discharge has ceased and the case has been folloAved 
for nine years, it is assumed that the lesion Avas benign. The benign lesions 
totaled thirty-four and malignant lesions tAA'enty-one, appi’oximately 60 per eent 
benign and 40 per eent malignant. 

Other etiologic factors not encoimtered in this series but reported in the 
literature are (1) inflammatory lesions, (2) traumatic lesions, (3) hormonal 
dysfunetion, (4) sarcoma, and (5) Paget’s disease. Because bleeding is a symp- 
tom and not a diagnosis, and because the record rooms did not haA'e a separate 
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listing for discharge, it is quite likely that 
not done have been missed. 


a few eases in which surgery was 


I)IAGKOSI.S 

^ The character of the discharge is merely suggestive. As this discussion is 
limited to bloody discharge, and since bloody discliarge is rightly regarded as 
of more seriom significaneo than other types, it is well to rememlm- that all 
types of discharge (with the exception of galactorrhea) need investigation. The 
outline of procedure which follows maj" well he applied to patients with non- 
sanguineous discharge. 

Diagnosis is o.ssentially a problem for the pathologist. Frozen sections are 
not to be relied upon. Because cancers a.ssociated with bleeding from the nipple 
are usually of low malignancy and also because the differentiation l)ctween 



Pig. 2. — Seveial duot.s are filled to \arying degrees bv papillomas — a good example of 
diffuse papillomatosis. This lesion commonly occupies a number of ducts and when it is suffi- 
ciently disseminated in the bieast simple amputation may be required. 

cancer and adenocystie disease may be difficult, the surgeon sliould iJermil the 
pathologist time to prepare and study permanent slides. 

In the absence of palpable tumor there are three diagnostic aids for the 
localization of the source of bleeding: 

1. Transillumination, as described by Cutler, is easily applied and often 
definitive if sufficient blood is present to outline a duel, papilloma, or papillom- 
atous cyst. 

2. Mammography has been enthusiastically recommended by Hicken and 
his co-worker’s. Attempts using this method have been deterred because of 
severe tissue reactions as reported by Romano and jilcFeti'idge and by Sower’s 
and Masson. 

3. Pressure teste have proved most useful in our hands. Point pressure by 
the finger on the various segments of the areola wdll usuallj^ indicate which 
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Table I. Source or Disoiiaroe 


Single poljTis (14) 


Diffuse papillomas ( 5) 

19 

Cvstic disease 

13 

Dilated ducts 

1 

Undetermined (not operated) 

1 

Total benign lesions 

34 

Cancer 

21 

Total patients with bloody discharge 

55 


duct contains the blood. Often the aifceted dnct, oi* dncts. stands out a little 
more distinctly than its neighhoi’s. 

TKEATAIKNT 

Of the thirty-three nonmalignant lesions twenty-tliree, or 69.6 per cent, 
received either local excision or segmental resections, thus permitting the breast 
to be saved. Of the ten simple amputations, three were done for diffuse papil- 
lomata of ducts, two for single papillomas, and five for adenoeystic disease suf- 
ficiently diffuse to warrant total removal of the breast. 

SUGGESTED BKOCEDURE 

Accepting the dogma that it is better that a woman lose her breast than 
her life, the deteimination of the extent of the procedure to be done in any 
given case is still not easy. To most women the loss of a breast is a tragedy 
and a definite psychic shock. No one has been able to determine the number 
of breasts which justifiably may be sacrificed to save a life. 

The following outline in general has been the practice and teaching of the 
department of surgeiy at the University of Minnesota and bears the approval 
of the department of pathology. 

A. Discharge and Palpable Tumor . — The presence of the tumor alone is 
sufficient justification for its removal. Local excision may suffice for solitary 
intraductal papillomas and well-localized adenoeystic disease but because the 
sources of bleeding may be multi])le it is better practice to excise the entire 
duct and its tributary glands. The technique described by Babcock has served 
well in accomplishing such a limited resection. Only when the pathologist has 
satisfied himself that the lesion is malignant is radical amputation justified. 

B. Discharge and Diffuse Nodxdanty . — A segmental resection of the duct 
containing the bloody discharge and its tributary system is done. If cancer is 
not found and the source of bleeding is eliminated the attitude toward the re- 
maining breast will depend upon the surgeon ’s attitude toward the role of cystic 
disease as a potentially precancerous lesion. If he holds the prevalent opinion 
that the relationship is not close, he will content himself with keeping the 
patient under observation, always ready to explore any localized area which 
shows increase in consistencj^ or stands apart from the rest of the breast. 

Table II. Operative Procedures 


Local excisions or segmental resections (breast preserved) 23 
Simple amputations 

Single polyps 2 

Diffuse papillomas 3 

Diffuse cys ti c disease 5 

Total operations on benign lesions 33 
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C. Discharge and No Palpable Tumor or Demonstrable Breast Change.— 
Whenever the source of bleeding can be located the offending duct and tributary 
glands are excised. Where the diseliai’ge is interinitlent or scanty it may b< 
difficult to locate the sogmejit of breast or the duct from n-hich tlie discharg( 
is coming. Under these circumstances it seems entirely reasonable to keep the 
patient under observation. Repeated examinations will usually pei-mil localiza- 
tion. 



Kig. o. — An example of a mild term ot adenocystlc disease which is causing bloody discharge; 
nothing is seen in microscopic .study to indicate wiiy tlie lesion produces bleeding. 

; The justification for this policy is based upon the extreme rarity of san- 
guineous discharge from the nipple caused by cancer and without palpable 
tumor. Bell staled that in his entire experience as head of the department of 
patholog}’^ at the University of IMinncsota there have been no examples of such 
an occurrence. It is entirely possible among ])atienls showing bloody discharge 
that an early, small, deeply developing cancer can exist without palpable tumor. 
Hinchey reported two eases, and Koucky, imthologist to several private hos- 
pitals in Minneapolis, has experienced it but once in o\'er 5,000 breast biopsies. 

D. Bloody Discharge Fi'om Multiple Sources . — A waiting policy is here 
indicated unless palpation reveals changes in breast consistency which then 
justifies biopsy of tlie most suspicious area. Bleeding of such nature may sub- 
side spontaneously. I have observed such a case, occui'ring Inlaterally at the 
end of a period of lactation and subsiding completely within a few months. 
Papillomas may undergo fibrotic changes, even calcification. 

B. Pseudosanguineons Discharge.— A dark green, sometimes grumous dis- 
charge from the nipple may easily be mistaken for bloody discharge. When a 
single duct is the source, excision is warranted for the patient’s peace of mind. 
The excised duct will show ectasia only. There will be little or no sign o 
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epithelial activity. The dilatation may involve even llic .smaller iVihutary ducts 
in the periphery of the breast. Wiicn multiple ducts are involved and no masses 
except the duets themselves are ]mlpal)tc, the condition need not be disturbed 
since sacrifice of the whole breast is unnecessary. 

F. Pershtent or NojilocoJhcd Blcc'diny . — Persistent bleeding from multiple 
sources or bleeding which cannot be localized may warrant, simple amputation. 
Especially is this true in older women whore the loss of the breast is not a 
tragedy, or where the patient herself may elect to end her state of uncertainty 
or apprehension. Tfis difficult to be dogmatic in advising a patient, to accept 
amputation becaitse percentagewise, oven with the symptoms listed, she may still 
carry her greatest, total risk from cancer arising in other sites than the breast. 
If she elects to keep her breast, who can say that she is not .instified? 



f\iv — Aclenocystic disease ^vith marked intraduc*al epithelial growth ; note blood 

t spaces. Some pathologists call this carcinoma grade I. Others believe it is be- 

”Jsn, but all will insist that the entire lesion be removed from the breast. 

STjaUlARY AKD DISCUSSION 

It is my conviction that too much fear, even panic, has been exhibited to- 
ward the symptom of bloody discharge from the nipple. It is my conviction 
that a truly representative report of all cases would reveal a lower percentage 
of malignancies responsible for the symptom. The inadequacies of the filing 
systems which do not provide for indexing the symptom of bloody discharge 
undoubtedly account for the loss of some benign cases from this series, whereas ~ 
all of the cancers are included. Then, too, it is likely that procrastination or 
subsidence of symptoms deters a certain number of women from reporting 
the bleeding, w^hereas ail malignancies eventually drive the patient to seek med- 
ical attention. 

Bioodj' discharge can never be overlooked or ignored until cancer has been 
ruled out. In younger women where the source of the bleeding cannot be local- 
ized, where it is intermittent, recurrent, or involves a number of different ducts. 
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and no palpable tumor exists, the patient’s Imzard does not merit removal of 
the breast. Likewise, in younger women when the source of bleeding is revealed 
to bo adenocj'stic disease, even though the remainder of the breast may harbor 
more of the disease, it is my opinion that local excision is sufficient. Unless 
further bleeding develops whicli requires investigation, the patient should merely 
be kept \uider observation as any other patient who manifests adenocystie disease. 

Whether the surgeon believes that tlicre is no relationship between cystic 
disease and cancer, or whether he believes that the incidence of cancer is higher 
in adenocystie disease, the risk does not justify the removal of breasts in young 
women. In later life when the period of function is pa.st and the loss of the 
breast is less of a tragedy the situation maj* be altered. If the surgeon believes 
that the patient is exposed to a greater than ordinary risk of cancer because of 
the breast condition and the patient agrees that she does not wish to undergo 
the risk, a simple amputation may be done. 

In seeking to preserve breasts by the application of these views, I know of 
no instance where this ad^^cc or plan of procedure has re.sulted in dela}* or 
failure to recognize a malignancy. 
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INTKADUCTAL BIOPSY OP CERTAIN PATHOLOGIC PROCESSES 

OF THE BREAST 


Raul Lbbougxb, M.D., ]\Io^'TB^’H>EO, Ubuguay 
(From the Jladiologicel Department of the Pereira PoescU Jlospital) 

A S A complement to tlie i-oentgen-rny stiuly of tlie duet system of the 
bi’east, and in cases of evident lesions of the milk duct or its main branches 
seen on the x-ray film, a eurettape or biojisj’ of these processes has been per- 
formed endo-duetally. Tims, this has ])resentcd one more opportunity for the 
diagnosis and treatment of mammary diseases. 

Intraductal growths that frequently are found near the nipple, and which 
dilate the ducts as they develop, are the lesions most suitable for this new 
diagnostic procedure. 

In previous articles I have pointed out that when injecting a milk duct, 
especially if there is a reflux of the liquid, abundant ductal secretions are 
emitted, and also small tumoral fragments in cases fif intraductal growths, 
which aft'ord a proper histologic examination. 

TECHNIQUE 

The technique of the intraductal biopsy consists of two steps: first, radio- 
graphic localization of the pathologic process, that is, determination of the dis- 
eased tubular-acinous gland and localization of the pathologic -process in it, 
and, second, the biopsy. The first part is a purely x-ray technical problem, 
and it shall only be stated here that as contrast media we employ concen- 
trated iodized solutions used in intravenous urography. 

Once the pathologic process which we desire to curette is localized, the 
biopsy is then done by two stages. First, the slow dilatation of the ori- 
fice of the milk duct is accomplished by means of small metal dilators, such 
as are used in ophthalmology for the dilatation of the lacidmal orifice. Lub- 
rication of the nipple with olive oil facilitates these operations. 

In certain cases the dilatation is completed with tlie use of a small bougie 
(Laminaria), which must be introduced slightly in order to dilate only the 
sphincter of the ductal orifice. Care must be taken that it is not introduced 
too far, as some difficulty may be found in extracting it. In such circum- 
stances a slight local anesthesia proves useful. 

Second, after securing sufficient dilatation to permit the introduction of one 
of our delicate instruments, with a fine curette, wire loop, or small forceps (ac- 
cording to the type of lesion and size of the duct), the biopsy is easily obtained. 
The pathologist is able to make a satisfaeloiT^ hi.stologic study from the speci- 
mens obtained in this manner. 

Read at a meeting of the Gynecological Aasociatlon of Uruguay, May 27, 1944. 

Received for publication, Nov. 2, 1944. 
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Tlm.s, llie problem of l)Iee(Iing from tile nipple is jiartially solved; the 
x-rays will sliow whether or not there exists an intracliiclal neoplastic growth, 
and thej will give ns inlormation as to its extension, location, number, and 
probable etiology, which will often be confirmed by the histologic study of the 
biopsy obtained endoductally. 



J* a‘ ‘ a' 


a 6 / t t . 


Pig. 2. — ^Different instruments used for biopsy. 

When the biopsy reveals only a benign papillary lesion the possibility must 
never be absolutely discarded of a malignant transformation in that part of 
the tumor from which no biopsy was taken, because these lesions must be 
looked npon as preeancerous conditions, and this transformation must always 
be suspected in large papillary adenomas, notwithstanding a negative biopsy 
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FIs 3 . Fig. 6. 

Fig. 3. — Intiaductal sio\\t1i, (ib'-lmctlng a milk iliict, in a IT-yoar-oUl ii.iticnt with 
bleeding from tlio nipple, no lunij) ^\.is pic^ent. 

Fig. 5. — Pliotogiapli of the biop=.\ specimen lakon from tlic s.iine patient as that of Fig. 4. 



4. — Three stages in the dilatation of a ductal orifice and insertion of the T\ire loop for 
the biopsy, continuation of the pieceding case. 








Fie 7. 


Fig 8. 


Fig. 7. — Paitial inastectomj pei formed bv Professor H. May, on patient of Figs. 3 to 6. 
The pathologic study by Professor Carlos M. Dominquez proved the existence of a malignant 
intraductal tumor. 

Fig. S.— Sixteen-year-old patient tvith a five-day bleeding from the nipple : no tumor was 
present The x-ray shows a dilated milk duct and multiple annular images that correspona 
to the opaque substances disposed around the indocystic growth-image of papillary carci 
noma. An intraductal biopsy was taken 
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Fig. II. — Slicrophotogruph of tlic biopsy .specimen from the patient shown in Fig. S; 
intraductal flbioadenom.i witli malignant transfoimation. (Histologic .study b.v Profc.ssor 
Canos 51. Dominguez.) 
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and ID'-— 51astectomy pcifuimed by Professor Julio Nin Y Silva on patient of Figs. S 

^ntliologic study by Piofessor Carlos 51. Dominguez: (1) Inti acystic, papillary flbro- 
ignant transformation; (2) smaller tributar>' ducts of the larger cystic 
■heir source by the tumor; (3) milk duct that continues at (4). section 
milk duct unfolded at the base of the nipple. 
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This Bietbocl will often enable the sui-freon to operate sooner in cancer of 
the breast, and to perform small, conservative, projihylactic operations in sim- 
ple intraductal papillomas which Imve been well localized. 



Pis- 14. — Various flllin!? dofccts in a milk due*, caused by intraductal Rrowths in a 
woman with a two-montli lileedlng from the nipple. There was an indurated milk duct wltli 
a small subareolar nodule. 



.Fig. 15. 


Pig. 15. 

'Introduction of a 


Fig. 16. 


toloirip oi a small forceps in the milk duct, jii tiie same paLi 

nhrnop fi r-V biopsy specimen by Professor Carlos M. Dominguez showed very 

vpqlBS proliterat.on accompanied bv ebundant hemorrhage. The epithelial 


in the same patient. His- 
extended 

snrouto 'b certain papillary formations, atypical cell's and detachment of fusiform cellular 
bp’’® were sufficient ana‘omic proofs to lead one to believe in the malignant trans- 
tormaUon of the intraductal fibroadenoma. 

upi-mi, IS IG.-'-Incorrect technique, when injecting opaque substance in 
an air bubble and simulate an intraductal growth. 


milk duct, may 
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The patiiologic process is localized exactij' by introducing into the milk 
duct a fine metal catheter the extreinit}' of wliicli (by radiographic control) is 
put in contact with the lesion ; then the surgeo.n can extirpate the corresponding 
region without searcliing for, or following, the milk duet. This localizes the 
site of the lesion, while Babcock’s tcchnicpic localizes the affected milk duet. 

As to palpable tumoral lesions, there undoubtedly exist simpler ways of 
obtaining biopsies. But sometimes, as in high ductal obstructions caused by 
originally extraductal lesions, this method may also be employed, because, when 
Avell executed, it is innocuous, practically painless, and the x-rays aid in select- 
ing the site for the biopsy. 

It should be added tliat subsequent to tliis work, Felix Leborgne conceived 
the idea of performing an cndocanalienlar cndo.scopic stud}' with simple imple- 
ments devised and made by liim, with wbicii it was po.s.sibIe to obtain direct 
views of the ductal walls. The endoscopic pictures of the normal and patho- 
logic duets, as well as details of the instruments employed, will he described in 
a later article. 



SAKCOJIA OF TITE BFEAST 
With a ok TniuTy’ Casks 

Fraxk E. iioAin, Jl.]).. Axn Jtjiaax B. ITkuujiaxx, Ni:\v York, N. Y. 

(From ihc lirca.'it Dcporlmnit of tin Memorial IToxpilol for Cancer fitul Allied Dixcnscs) 

S ARCOjMA is a relatively uncommon neoplasm. The statiXlical stuclie.s of 
Williams and of Pack and LcFovrc arc instructive. The former, in an 
analysis of 13,824 primary neoplasms, found that 0.4 per cent were sarcomas. 
In 2,419 instanec.s the brea-st was the .site of the pi'imary lc.sion and, of tlie.se, 
3.9 per cent were sarcomas. Pack and Lefevre, in an analysis of Ki.rjt):') malig- 
nant tumors seen at the Memorial Hospital over a period of twelve years 
{1917 to 1929), concluded that .sarcomas comprised 10.4 per cent of this total 
and that sarcoma of tlie lu'oa.st foj’incd only 0.04 per cent of all breast tumors. 

There is considerable variation in the figures for the incidence of breast 
sarcoma given by different authors. Geist and Wilensky reimrtcd 3.9 per cent 
of all the breast tumors and 7.7 per cent of the malignant breast tumors in 
their cases to be sarcomas. Denver and HIcFarland found 2 ])cr cent of all 
the breast tumors in their series to bo sarcoma. Fox stated that sarcoma rep- 
resented 3 per cent of all the malignant breast tumors in his series and Hill 
and Stout reported 1.2 per cent as the incidence of sarcoma among the malignant 
breast tumors that they studied. The latter authors stated that if adeno- 
sareoma w'ere eliminated from their statistics, true sarcoma would comprise 
only 0.4 per cent of the malignant mammary growths in the series. 

From 1926 to 1944 inclusive, 5,499 exainples of malignant breast tumor 
were seen at the Memorial Hospital. Of these, thirty, or 0.5 per cent, wei'e 
sarcomas. The higher percentage of sarcoma found bj’’ the earlier investigators 
oiay possibly be due to the inclusion of some small round-cell and spindle-cell 
neoplasms which, as Ewing has stated, wei’e formerly classified as sarcomas 
but were in all probability atypical carcinomas. 

Williams’ statistics would also indicate tlmt the relative liability of the 
female bi’east to sarcoma is much below the average for the body in general, 
9-4 per cent of the body neoplasms being sarcomatous whereas only 3.9 per 
cent of female breast neoplasms are of this nature. 

The infx’equency of the involvement of the breast by sai’coma is further 
demonstrated bj^ a review of the literature. In 1887, Gross collected 156 cases 
including 19 of his own, and in 1894, Williams found 99 examples of breast 
sarcoma in the material he studied. A most extensive survey undertaken bj" 
Qeist and Wilensky, in 1915, disclosed 433 eases which had been reported since 
1858, to which they added 22 of their omi. D ’Annoy and Wright, in 1930, 
and Schreiner and Thibaudeau, in 1932, collected additional examples bringing 
the tot al up to 510. Since then, in addition to a number of isolated cases in 

Hnceived for publication, April 14, 1945. 
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the literature, there have been several relatively large series reported (Pox, 
Rose, Sailer, Rogers and Flo, and Ilill and Stout). 

The thirty examples of breast sarcoma seen at the Slemorial Hospital since 
1926 ai’c liei’cwith reported. Since treatment and prognosis are the primary 
eonsidei'ations of the surgeon, the empha.sis in the pre.scnt investigation is on 
these aspects of the subject. The typo.s of sarcoma encountered in the breast, 
which are to be discussed in the following pages, are enumerated in Table I. 


T.uii.e r. Sahcom.v Discukskd IX Tins Rr.ror.T* 


TYPE 

XtlJtBEi! 

Cysto.'-arcoma pliyllode.q (malignant) 

4 

Atlcno^arcoma 

1 

Filiro'sarcoina 

2 

Spindle-cell sareonia 

5 

Aaigiosarconia 

3 

Liposarcoma 

4 

Lymphosarcoma 

7 

Hodgkin's .sarcoma 

2 

Carcinosarcoma 

1 

Myosarcoma 

1 

Total 

.30 


•Since this repot t was prcraretl, tliree ndtlltional cases of cystosarcoma phyllodes under- 
Koing: malignant changes In the .stroma have been encountered as well as another example of 
atleno.sarcoina. 


The sarcomas found in the breast consist of an admixture of epithelial 
and connective tissue. Tlic epithelial elements arc derived from the cells lining 
the ducts and acini, whereas the mesodermal component originates in either 
the connective tissue lying bencatli the epithelial cells, the subepithelial connec- 
tive tissue, or in that surrounding the duets and acini, the pericanalicular and 
periacinar connective tissue. Hyperplastic changes in the subepithelial con- 
nective tissue may give rise to the so-called intracanalicular fibroadenoma, 
whereas hypeiplasia involving the supporting connective tissue lietween the 
duets produces the pericanalicular fibi'oadenoma. 

It is accepted by numerous investigators that many sarcomas and an occa- 
sional carcinoma maj' arise on the basis of a previousl}’ existent fibroadenoma. 
In the course of the development of some sarcomas, the connective tissue elements 
may obliterate the epithelial components producing an almost pure sarcoma 
such as the fibrous and spindle-cell varieties. In others the epithelial elements 
may persist and both stnietures may manifest malignant characteristics, as in 
cystosareoma phjdlodes and adenosarcoma. The sarcomas containing both 
ectodermal and mesodermal constituents will be considered first. 

CYSTOSARCOJIA PHYLLODES 

Cystosax’coma phyllodes was first described as a neoplastic entitj bj 
Johannes Jliiller in 1838. In its advanced state it is a huge freely movable 
tumor which may be cystic in part or solid with small clefts here and there 
into which project polypoid excrescences (Fig. 1). According to Lee and Pae 
this tumor develops from a previously existent fibroadenoma, probably of the 
intracanalicular variety. Lactation may be a factor in initiating this metamor- 
phosis The history is usually that of a pre-existent nodule Avhich, after manj 
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j'cars of inactivity suddenly begins to increase in size. In .some instances tliis 
is apparently initiated by trauma. Pain and ulceration may occur in tlic late 
stages after the tumor has become very large. 

This neoplasm is usually benign but in some imstanccs a true sarcomatous 
transformation takes place cliaractcrizcd by .stroma proliferation, tlie presence 



Fig. 1 — cystosurcoma phyllodes. 



Photomici ograph of cystosarcoma phyllodes showing stroma proliferation, mitotic 
figures, and atypical cells (XStO). 
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of niitofic /inures, and of atypical cells (Fig. 2). In other instances there may 
he a metaplasia of the stroma resulting in myxomatous change or occasionally 
in .s(|uamous metaplasia with Die formation of epithelial pearls. 

Although these tumors arc of low-grade malignancy, local recurrences and 
even distant metastases with fatal termination are sometimes encountered. 
Examples of this liave been observed (Frym, Sophian, and WJiite). Recently 
Cooper and Ackerman reported a unicjue case in which the axillary nodc.s were 
involved by metastasis of the connective tissue component. 

During llic jmriod of 192G to ]!)-W, inclnsivo, there wore seen at the 
iiremoi'ial Ilospifal forty-five oxamplc.s of ey.stosarcoma pliyllodcs of which 
four, or S.8 per oent, revealed sarcom.atous metamorphosis. The metaplasia 
involved only the connective tissue. Of these paticuls with malignaut devia- 
tion of tlie Ic-sion, two underwent simple, and two radical, ma.stectomj*. One 
of the latter patients was free of disease .seven and one-half years after opei’a- 
tion and the otherwas free of disease when last seen one year after ina.steetomy. 
Of the patients who underwent a simple mastcelomy, one was lost to follow-up 
and the otlior v,*as a])]iaronl]y fi-ee of di.sea.se one year after operation. 

.\nr:xos.\ncosi.i 

Adenosareoma is tlie malignant var'innt of fibroadenoma composed of both 
c]utholial and connective tissue elements wlueh is tlionght to aviso in the pevi- 
eanalienlar variety, ^lany of these iumors result from the transformation of 
a long-standing fibroadenoma in which gestation, lactation, or trauma may 
have been an initiating factor. Tiic history is that of a rapidly growing tumor 
which may ultimately occupy most of the breast. These tumors may bo rounded 
or lobulatcd and composed of .solid or cystic c]omonl.s, .some of the latter often 
attaining a huge size. In the initial .stages the tiimor is well cireinnseribed but 
as growth progrc.sscs it may .sjiread out into the breast and fimgafo through 
the skin. 

jrUthough tlic microscopic slructni-c is varied, the majority of tlmse tumors 
are composed of spindle cells surrounding the acini and duets. The epithelial 
component may manifest growth activity in the early phases but it is later, 
for the most part, obliterated by the connective tissue elements. 

This type of neoplasm, according to Ewing, is liigbly malignant and al- 
though remissions have been observed the course is usually progressive with, in 
many instances, a vapidly fatal termination. As the tumor grows it involves 
the overlying skin, the pressure causing ulceration and necrosis wdth consequent 
sepsis and death. In some iastanccs a fatal termination of the disease may 
result from metastasis. Local recurrences after removal of the tumor are 
frequent and, as Pinsterer has shown, they may talre the form of a spindle-cell 
sarcoma. 

There was one example of adenosareoma in this series. The patient was 
treated hy simple mastectomy and low axillary dissection followed by a coiuse 
of x-ray therapy. After remaining free of evidence of disease for twelve years 
she developed pulmonary metastases, proved by bronchoscopy, and died. 



ADAIU AND lIKliliMANN: SAKCOMA OK DUKAST 


d!) 


FlBROSAItCOiMA AND SKfNDr.K-CKIA. .SAUCOSIA 

Among our patients, as with those of other investigators, the fibrosarcomas 
and spindlc-coll sarcomas constituted the numerically largest group. In tlic 
present series seven eases, or 23 per cent of the total, were in that category. 
In the experience of other observers the.se tumors constitute from 25 to 70 per 
cent of all breast sarcomas. Fibrosarcoma and spindlc-eell .sarcoma may arise 
in any location where there is supporting connective ti.ssuc. In addition, they 
may originate in the breast from a pre-existent fibi'oadenoma. The fibre- 
sarcomas arc relatively benign, whereas the spindlc-ccll tumors vary con- 
siderably in their degree of malignancy. Those composed of small cells are 
slower growing, relatively benign, and approach in structure and clinical fea- 
tures the fibrosarcomas. 

Those composed of large cells exhibit more active growth, arc softer’, more 
vascular, tend to ulcerate and become necrotic. They metastasize and are prone 
to local recurrence. As this type of tumor grows it may infill, rate tlie surround- 
ing tissues and structui’es, frequently penetrating blood vessels, thus producing 
metastases. These tumors grow relatively slowly in comparison with other 
forms of breast sarcoma and' do not reach a large size. 

In our series there were five spindle-ecll sarcomas and two fibrosarcomas. 
All appeared to be of low-grade malignancy. One of the fibrosarcomas and on e 
'of^^t’" ” ■■ ■ - vere thought to have had their origin in a p re- 

.^exis' . ' i operative procedure in these cases was a simple 

maifeetomy or local excision of the tumor, except in one instance in which a 
radical mastectomy -was performed. This patient died six months after opera- 
tion. One of the patients subjected to a simple mastectomy developed recur- 
rences in the chest wall, dying five months after operation. One patient, treated 
by irradiation because she refused surgery, wms lost to follow’-up. Tlie end 
result for this group of cases is shown in Table II. 

Although not arising in the breast, two unusual examples of connective 
tissue tumors appearing in this organ are briefly mentioned here. The first was 


Table II. Comparison op the Results Following Radical and Conservatwe Surgery 
POE Fibrosarcoma and Spindle-cell Sarcojia on the Basis op Fito-year Survival 





SIMPLE MASTECTOMY 

1 aXILLAUY 

NODE 


RADICAL 

MASTECTOMY 

OK rOCAL excision 

1 INVOLVEMENT 

AUTHOR 

ALIVE 1 

DEAD 

ALIVE . 1 DEAD 

1 alive I 

DEAD* 


aiiu xitjrrraaim 
Boldrey 
Fiasterer 
Pos 

Hill and Stout 
Holers and Flo 
Sailer 

Schreiner and Thibaudeau 
Marro n and Meyer 


9 

1 

3 

1 

1 

It 


17 


1 

4 

2 

3 

1 

1 


13 


20 


15 
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*AU deaths with node involvement occurred witliin twelve months following gurgerj'. 

tAlive six years but has recurrent nodules and liver has begun to enlarge. 

tNo follow up. ■ , ■ ' ■ 
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that of a 60-year-olcl woman witli a sofi, freely movable tumor 2 cm. in diameter 
in the right breast, of one week’s duration. A radical mastectomy was per- 
fonned. The tumor was found to lie immediately over the peel oralis muscle and 
to infiltrate it. The microscopic diagnosis was .spindle-cell sarcoma, probably 
fa.scial — nodes clear. 

The second ea.se wa.s that of a 32-.vear-old woman who, a few months after 
the birth of her only child, noticed a lump in the upper inner quadrant of the 
left breast. This hieroasod in size over a ])eriod of eight months, at which time 
it mea.sui’cd about 2 cm. Skin dimpling could bo developed over it. One 
small node was palpable in the left axilla. At operation a firm ma.ss extending 
into the underlying peetoralis muscle was fou))d which u-as u'idely e.\-ci.sed with 
the siUTounding muscle tissue. The microscopic diagno.sis was desmoid. In 
so far as it is not unu.sual to encounter areas of fibrosarcomatous and myxosarco- 
matous transfonnation in desmoids (Pack and Ehrlich), the ca.se is mentioned 
although no sarcomatous changes were noted in this example. 

akgiosarcoma 

Blood vessel tumors, althougli.a relativel}' common type of neoplasm, rarely 
undergo malignant deviation. An occasional angioma may metastasize following 
trauma, but according to Geschickter and Kcasby less than 1 per cent of benign 
angiomas subjected to treatment manifest malignant changes. 

Angiomas associated with metastases fall into three groups. In the fii’st 
the primaiy lesion may be benign and produce benign-appearing metastases 
(Borrmann). In the second group an apparently benign angioma gives rise to 
malignant metasta.ses (Robinson and Castleman). The third group comprises 
those cases in which the initial lesion, as well as the metastases, exhibits malig- 
nant chai'acteristics (DaCosta, and Jlenville and Bloodgood). It is thought 
by some oteeiwei's that those instances in which both primarj’' and metastatic 
foci appear benign are really examples of a multicentn’c origin rather than of 
a metastatic phenomenon. 

The clinical history of breast angiosarcoma is that of a tamor wliich, in 
the course of a few months, grows to a large size. Occasionally a purplish hue 
is imparted to the skin by the underl.ving tumor but usually there are no 
characteristic physical features associated with tliis neoplasm. The youth of 
the patient is suggestive although this neoplasm has been reported in elderly 
people. 

In oiir series there were three examples of angiosarcoma, one of which is 
illustrated by Pigs. 3 and 4. The ages of these women were 21, 23, and 26 years, 
respeetivel}', an average of 23 years and 4 montlis. One patient underwent a 
radical mastectomy, one a simple mastectomy, and the third a local excision 
of the tumor. All died of the disease. The progress in this disease is relatively 
rapid, the average duration of life after operation in our patients being twenty- 
eight months. The two patients reported by Rogers and PIo died six months 
and two years, respectively, following simple mastectomy. In the cases reporte 
by Hill and Stout the patients succumbed soon after operation, one three 
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monlli.s after fiimjile masleotoiny and tlie other almnt six weeks following a 
radical procedure. It would appear that luotastnsis occurs early. In two of 
our patients this phenomenon was encountered six and eight inonlh.s, respec- 
tively, after the removal of the tumor. In one ease reported hy Hill and Stout 
metastatic disease a]ipeared in the hums one month after radical mastectomy. 


^ I '*‘t , '■'A.*','! ■ ■ ‘ ' i ■''■i 

j .. . .'.Aif-y- -Ls ' ; 'yj/' 

■t.?' -- /'■ 



Fig, 3.-«.photomicrograph of angiosarcoma : at the upper right a breast duct may be seen, at 
tiie left is noruial-appoarmg angioma, and at the right angiosarcoma (XS0)» 







Gesclnoktcr moiilioncd two ea.si-s. o!ic with axillni'y node invasion in a 53-year- 
old woman and l!ic other with widespread metastasis in an elderly woman. On 
the othci hand, the patient ot Jlenville and Bloodi^ood, a 53-year-old woman, 
lived 10 jears withont evidence of the disease, following a radical mastectomy. 

Many of the symptoms encountered in tlic course of this disease are due to 


heinorrluige from the melastatic foci. One of our patients developed hemiplegia 
and. some time later, an abdominal crisis a.ssoeiated with abdominal pain, 
rigidity, and sliock, from which she did not recover. These phenomena were 
undoubtedly the result of hemorrhage from metastatic foci. The second patient 
developed pulmonary metastase.s and the third, metastases to the spine, pelvis, 
femur, sternum, and liver. Because it is a blood ve.ssel tumor, metastasis by the 
vascuiai’ route in all probability occurs early and for that reason the prognosis is 


poor. Tntcrnal hemorrhatre is frequently the cause of death. 


nU’O.SAKCOM.i 

Ijiposarcoma is encountered most frcqumitly in the retroperitoneal fat 
and in the extremities but it may be found in other jiarts of the body. Its 
occurrence in the breast, however, is unusual. Lifvcndahl, in 1030, reported a 
fatal ease occuri-ing in a 'lactatiiur woman, lie was unable to find any other 
reported case of breast liposarcoma. Schultz-Brauns (1933) remarked on the 
rarity of the condition and Fox, in 1034, included one example of breast lipo- 
sareoma in his report of sixty mammary sarcomas. The patient was free from 
evidence of disease six months after a radical mastectomy. Gesehickter (1940) 
mentioned three liposarcomas of the breast but gave no details. 



There were four instances of this variety of sarcoma in our present series. The 
gross 'and microscopic appearance of one of these tumors is shown in Figs. 5 and 6 . 
One patient with a grade 4 liposarcoma had associated lymphatic leucemia. She 
was free of evidence of sarcoma four montlis after a radical mastectomy. The 
others were myxoliposarcomas of low-grade malignancy. One underwent a 
simple mastectomy followed by numerous recurrences over a period of ten 
years She died ultimately of pulmonary metastasis. Of the other two patients, 
Le had a local excision of the tumor, the other a radical mastectomy, and both 
Imve been free of disease four and four one-half years, respectively. 
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Seids and ]\Icrfinnis believed Ibai the liiirh degree o£ inalignaney of I'eiro- 
peritoneal liposarconia may be due to the tcclinicnl cliffienllies of removing all 
of the surrounding fat. If that, be valid then the prognosis should be better 
for liposarconia of the brea.st because here the Ic.sion and contiguous fat are 
better circumscribed and readily oxfirpafed 110111 the breast. 

i.YMPnosAncoiiA ani> hoixucin's sakcoiia 

During the interval covered by the present .survey, seven instaiu'os of 
primary Ijmiphosarconia of tlic lircast ivorc encountered at the Itleniorial Hos- 
pital. TJiex’c is nothing eliaractcri.stic about the lesion in thi.s location by which 
a preoperaiive diagnosis can be oslablishcd, altbougb as])iration biop.sy in some 
eases is suggestive. Clinically, the lesion rcscniblos carcinoma. A radical 
mastectomy ivas performed in lliree in.stanees. a simple mastcetoiny in one, 
and a local excision in tlic otliors. All patients wore alive and free fi’om disease 
over periods ranging from several months to .seven years. Some of these eases 
have been reported in detail elseivbci’o (Adair and norrinann). 



Pig. e. — Photomicrograph of lipo.sarcoma (X240), 


Also during this period two patients with probable primary Hodgkin's 
disease of the breast were studied and have been described in anotlier eOm- 
mnnication (Adair, Graver, and Herrmann). 

carcinosarcoma 

This neoplasm is com])osed of both eareinoma and sarcoma. A number of 
examples have been reported. There was one in the pi-csent group of ea.ses. Sev- 
eral theories have been advanced to explain the pre.scnee of eareinoma and sai-eoma 
in tile same neoplasm : 



64 


SURGKRV 


1. That it is a mixed tumor. 

2. That a carcinoma .stimulatc.s tlie adjacent connective tissue to 
undergo sarcomatous transformation or, convei'scly, that an antecedent 
sjircoma causes a carcinomatous change in the neighboring opUheVml 
elements. 

3. That (here are two distinct and sej)arate tumors which grow 
toward each otlier and eoale.sce. 

4. That the lesion is a pi-imary carcinoma, some ])orlions of which 
become so altered in histologic a})pcaranec that they are interpreted as 
sarcoma (Saphir and Va.ss). 

Our patient had a small tumor in the breast for eighteen .rears, which for 
the last two yeai*s had grown rapidl.v. It was removed but recurred one and 
onc-half years later. A modified radical maslcctom.v was then ])erformcd. It 
appeared on pathologic examination that the malignant ])roce.ss had its incep- 
tion in a giant intracanalieular fi])roadcnoma. Tliere was no lymph node involve- 
ment. She died of pulmonary metastasis five month.s after operation. 

Other examples of sarcoma composed of more than one element are 
occasionally encountered in tlie breast. Two of lljcse are tlie osteosarcoma 
and chondrosarcoma. Whether the osseous and cartilaginous foci arise from 
embryonic ro.sts or as a ivsuli of metapla.sia is a inoof point. Tliese tumors 
appear to be of relatively low-grade malignancy. There were no example.s of 
these neoplasms in the present series, 

XIYOSARCOM.V 

Myosarcoma is an unusual tumor of the breast Mdiich may originate from 
smooth or striated muscle. Several cases have been reported (Berard and asso- 
ciates, Leroux and Clianton, Go.schicktcr, and Sailer). Tliere was one example 
of an angiomyosarcoma in the present scries. The therapeutic procedure in this 
instance was a local excision of the tumor. The subsequent course is unknown 
because the patient failed to report back to the clinic. 

diagnosis 

The diagnosis of breast sarcoma in most instances necessitates the differ- 
entiation of this condition from cyst or carcinoma. The histoiy is frequently 
suggestive of sarcoma. In tiicsc instances the jiatient states that a tumor has 
been present, although quiescent, for a considerable length of time. Suddenly 
it begins to increase rapidl.v in size. This occasionally follows a trauma. A 
cyst may exhibit the same plienomena- althougJi in the latter condition tliere is 
rarely the history of a pre-existent tumor. The spherical, cystic property of 
the mass and its capacity to transilluminate suggest that the tumor may be a 
cyst. Sarcoma is not translucent except in those forms of c.vstosarcoma phyl- 
lodes which are more cystic than solid. 

Carcinoma may be suspected if there is skin dimpling or nipple retraction. 
These are seldom observed in sarcoma unless the tumor becomes so large that it 
impinges on the overlying skin. Then it may produce attachment, redness, and 
-ulceration. Occasionally a diffuse duct carcinoma may produce great enlarge- 
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nient of the breast and in this respect simulate sarcoma. However, the diagnosi.s 
of sarcoma may bo difficult or impossililc to cslablisb by clinical means. Aspira- 
tion biopsy in most instances will furnish the requisite infoianation. 

IMETASTAStS 

Sai’comas are usually very vascular. Some of the blood vessels are present 
before the tumor undergoes sarcomatous transformation, but tlie greater num- 
ber ai'e newly formed to meet the requirements of the rapidly gi’owing neoplasm. 
The.se channels are lined by a single layer of cells which is all that separates the 
lumen from the tumor. The neoplastic cells ma.y penetrate the wall of tlie 
blood channel to form a parietal thrombus wliich may be broken off and carried 
as a tumor embolus to the lung to produce a metastatic focus. There is 
metastasis to distant organs in 12 to 18 per cent of the cases. In order of 
frequency these are lung, liver, brain, dura mater, pleura, mediastinal, retro- 
peritoneal, and axillaiy nodes, heart, kidney, and bones (Geist and 'Wilensky. 
Gheatle and Cutler). In our scries there were lung metastases from a carcino- 
sarcoma, a spindlc-ecll sarcoma, a myxoliposarcoma, and an angiosarcoma. 
Another angiosarcoma metastasized to the bones and liver. Despite an apparent 
cure of a breast sarcoma it is possible for a metastatic focus to appear after many 
year-s. This, however, is an unusual phenomenon. AVillis quoted several exam- 
ples, all of pulmonary metastasis but from sarcoma other than mammaiy. In 
one of our patients, lung metastasis appeared twelve years after a simple 
mastectomy for spindle-cell sarcoma, the patient having remained free from 
evidence of the disease during the interim. Whenever long-delayed metastasis 
occurs under these circumstances it would seem that the secondary lesion must 
have had its inception before the local neoplasm was removed. After lying 
dormant for a lengthy period of time these cell emboli manifest growth activity 
for some reason, either stimulation or removal of inhibition. 

Lymphatic channels have not been described in sarcoma. For this reason 
the Ijunphatic spread of the disease with invasion of the lymph nodes, except in 
lymphosarcoma, melanosarcoma, and carcinosarcoma, is necessarily a rare 
phenomenon. 

Although axiUary and supraclavicular Ijonph nodes maj'- be palpable, the 
enlargement in most instances is the result of an inflammatory rather than a 
metastatic process. In our series four patients had palpable axillary nodes. 
Tlu’ee underwent a radical procedure and no involvement of the nodes was 
found. There was a local excision of the tumor without removal of nodes in the 
fourth patient. In two additional patients with no palpable adenopathy, hyper- 
plastic nodes were encountered at operation. Upon microscopic examination 
these were found to be free of disease. 

Metastatic lymphatic spread in sarcoma, although infrequent, has been 
observed. Gross gave the incidence of axiUary involvement as 0.64 per cent. 
Poulsen found axillary node disease in three instances among thirty-three 
patients, an incidence of 9 per cent. Geist and Wilensky in a collection of 
435 cases found 3 per cent of the patients to have Ijunph node invasion. In 
Table III there has been assembled 678 examples of breast sarcoma taken from 



6G 


SURGERY 


TAKhK ]H. Lymph Nodi: Invohtomknt in Hepoutej) Casus op Bueast Sakcoma 


AllTHO!: 

TEAn XUAtliEn OK CA.SE.S 

XO.MiiEU AA'mr EYAtni 
NODE METASTASE 5 

(tei.'it and 'SVilcnskA" 

1915 

435 

13 

H’ Annoy and Wright 

1930 

OS 

4 

Sophian 

19.30 

1.1 

0 

Si’lireinor and Tliibandcriu 

19.32 

7 

0 

Fo.\- 

19.3-f 

52 

O 

Koso 

19.3f. 

1.5 

1* 

Sailer 

19.37 

15 

1 

Harrington and Miller 

1910 

J) 

0 

Ilill and Stout 

1912 

10 

0 

Rogers and Flo 

1912 

oo 

7 

Adair and Herrmann 

191.") 

.30 

0 

Total 


firs 

22 (3.27,-) 


•Alplfinoburcoma. 


tJio lilorafure. No allempt lias been nnide to collect all the individnal case 
reports. Only the relatively Inrj^e scries liavc been included. It Ls .seen that 
among this group there are tAventy-tAvo instances of brniph node metastasis, 
one of Avhich was in association Avilh a melanosarcoma. This does not mean that 
3.2 per cent of the patients Avith breast .sarcoma have lymph node disease but merely 
that in this collected series the reported examples of lynpih node iiiA-asion con- 
stitute 3.2 per cent of the total number of reported cases. It is possiblof that the 
actual incidence of node inA’olvemcnt is smaller than appears from tlie figures be- 
cause in some of the earlier examples the primary lesion may have been a round-cell 
or .spindle-cell carcinoma Avhich, as EAA-ing has stated, Avas frequently confused 
Avith sarcoma. Goist and AVilon.sky remarked that in their series most instances 
of l.ATnph node inA-olvoment oeeurrod Avith the round-ccll type of tumor. 

It is of interest that all of the patients AA'itli fibrosarcoma or spindle-eell sar- 
coma in Avhom lymph node metastasis AA-as found, and in Avhom the progress 
b of the disease could be determined (Table II), succumbed to the malady AA-ithin 
g one year after operation. Although no accurate conclusions can be derived from 
f. this .small number of instances, it suggests that, if the axillary nodes are diseased, 
the prognosis is decidedly grave, much more so than in carcinoma of the 
breast Avith axillaiy metastasis. The explanation may be that the node inA'olve- 
ment, as SteAvart and Copeland liaA-e suggested for neurogenic sarcoma, is pro- 
duced by venous tumor emboli. On that basis, metastasis to the nodes is 
merely one aspect of a general blood-boime dis.semination of the neoplasm. 


SUKGIC-U., THliRAPY' 

I\Iany authors (Geist and AYilensky, Cheatle and Cutler, Deaver and 
SIcFarland, Eose) advocate radical mastectomy as the procedure most likely to 
produce the highe.st cure rate. In so far as it has been demonstrated that there 
are different varieties of sarcoma Avhich vary in degree of malignancy and 
since there are variations Avithin the individual groups, it would seem that such 

a SAveeping conclusion is unAvarranted. 

In an endeavor to evaluate the efficacy of the surgical procedures em- 
^Irvved in the treatment of sarcoma, sixty-five suitable eases of fibrosarcoma and 
?^ndle-cell sarcoma, Avere selected for analysis. These varieties Avere chosen 
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because tiicy constilulo llic lunnei’ieally largest. gi‘oup of sarcomas. Only those 
patients who wore living and free from disease five years or longer after opera- 
tion were chosen for comparison with those Avho had undergone surgery and died 
from the disease within lliat period. The compilation of such a group presents 
several diflicullies. It the lir.st jdace many cases are unsuitahle because they 
are reported so soon after operation that there is no opportunity to know the 
postoperative course. In olliers the follow-up period is le.ss than five years. 
Another difficulty encountered is that a great number of sarcomas were treated 
in the period before the radical procedure was introduced by Halstead (1893). 
Therefore, in order to evaluate this factor properly, onlj’- those patients who 
were ti’cated after 1893 were considei’cd. 

The results have been tabulated (Table II). It is seen that of thirty 
patients who were sulijeeted to radical mastectomy seventeen are alive and 
thirteen are dead, and of thirty-five who Ainderwcnt a simple ma.stectomy or 
local excision twenty are alive and fifteen are dead. Tlie 2 )arallelisni between 
the number of deaths in the two groups (radical and simple mastectomy) is 
more significant than that of the survivals in tlic corresponding series for the 
following reason. The deaths all oeeuiTcd Avithin three years after operation, 
the majority within a much shorter period. The possibility for accurate follow-up 
is much greater over a relatively short i)oriod than it is for a longer one. 
Patients Avho liave recurrence of the disease are much more likely to report 
back to the clinic than those Avho are Avell. Thus, the large majority of those 
who fail to return are undoubtedly free of disease and should be included 
among those cured by operation. When considered in this light the very small 
proportion of cured sarcomas in Table II loses its apparent significance. From 
this small series one cannot draw accurate conclusions but it does suggest that the 
simple mastectomy is as effective as tlie radical pi’oeedure in the treatment of fibro- 
sarcoma and spindle-cell sarcoma. 

As a further aid in evaluating the therapeutic procedure of radical mas- 
tectomy it Avas thought that the presence or absence of axillary node involve- 
ment in patients so treated might furnish an index. One hundred cases in Avhieh 
a radical mastectomy Avas performed Avere gatliered from the literature. Only 
examples of lymphosarcoma, melanosarcoma, and carcinosarcoma Avere excluded 
because these forms of sarcoma behave like carcinoma and metastasize chiefly by 
way of the Ijunphatics. The collected cases have been tabulated according to 
authors (Table IV) and according to type (Table V) . It is seen that 4 per cent of 
these patients had axillary node disease. Although the value for statistical 
analysis of this small series is limited, it Avould seem that lymph node involve- 
ment in breast sarcoma is too infrequent to justity the employment of radical 
surgery. Furthermore, some of the examples of lymph node involvement may 
be on the basis of mistaken diagnosis of the primary lesion and others may be 
the result of venous embolism. If there are tumor emboli in the blood stream, 
removal of the regional Ij’^mph nodes Avould seem to be of little value. 

On the other hand, Warren and Meyer concluded from their studies of 
sarcoma in various anatomic locations that Ijunph node metastasis occurs in 
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T.vni,F. r\’'. Lyjtpjr Xode iKvor.vKMKXT ik O.ve lIir.N-miEn Coelecteii Casi;.s of Breast 
Sarcoma; Tkeatmekt by Rabicai, JIastectomy 


AxrrnoR 

XUJinEU OF CASE.S 

XtI.MBEi; OF OA.SES AVITII 
AXILLARY KOBE WSEASE 

Adair and Ilcrrniann 

0 

0 

Bi.'-'hop 

O 

0 

Boldrcy 

3 

0 

D ’ Aiinov and "Wright 

4 

0 

Fox 

2.3 

o 

Goi.xt and Wilonskv 

31 

1 

Harrington and Miller 

<} 

0 

IFll and Stout 

11 

0 

Monvillo and Bloodgood 

1 

0 

Rhodonberg 

r. 

0 

Rogers and Flo 

•1 

0 

Rose 

9 

0 

Sailer 

7 

1 

.S'-lireiner and Tlnbaudeau 

o 

0 

Sophian 

o 

0 

•Sullivan 

1 

0 

"tVellbro-'k 

1 

0 

Total 

100 

4 


In a few Instances in whtcli tlie nodes were not mentioned it Is assumed that they were 
uninvolvcd. 


about 7 per cent of eases exclusive of inelano.sarcoma and l.vinpliosarcoma. They 
believed tlial lymph node dissection in conjunction with radical removal of the 
sarcoma may improve the proprnosis from 5 to 10 per cent and may be of value 
even after lymphatic metastasis is clinically evident. This is not substantiated 
for breast sarcoma by the present invc.sligalion. 

There arc, however, three typos of brca.st sarcoma in which radical mas- 
tectomy appears to be indicated. One is tlie so-called carcinosarcoma, another 
is melanosarcoma, and the third, as Ave have suggested in a preA'ions com- 
> munication, is lympliosarcoma primary in the breast. In lymphosarcoma and 
melanosarcoma the mode of spread is thonglit to be almost entirelj" by wny of 
the Isunphaties. 


Table V. Types op Sarcoma axd AssoaATED Lyjipii Nope Ixyolvemext i.v 100 Cases; 

Treatjient by Badical Mastectojiy 


TYPE OF SARCOMA 

KUMBER OF CASES 

KU.MBER AVITII LYMPH 
NODE INVOLVE.MENT 

Fibrosarcoma 

44 

3 

Spindlc-cell 

12 


Adenofibrosarcoma 

9 


C^'stosarconia 

/ 


Liposarcoma 

Bound-cell 

4 

4 

1 

Unknown 

4 


Neurogenic 

3 


Angiosarcoma 

u 


Perithelioma 



< ' Sarcoma ' ’ 

o 


Pohanorphous cell 



Osteochondrosarcoma 

Giant cell 

Total 

1 

1 

100 

4 
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In cai’ciiiasarcoma the o])i1helial component may melastasize to the regional 
nodes as it docs from carcinoma of (he breast. In Smitliy’s collected group of 
thirty-three eases, twelve, or 3G jicr cent, revealed axillary node metastasis of the 
epithelial element. This approximates the figure (33 per cent) that Harring- 
ton and Jlillcr gave for the incidence of axillary node involvement in cases of 
breast cancer with no pal])ablc axillary nodes. 

Aside from the exceptions .iust noted, we believe from the available evidence 
that conservative surgery in breast, sarcoma produces as satisfactory a result as 
does the radical procedure with none of the disadvantages of the latter. Since 
there is evidence that breast sarcoma owes its inception in some instances to 
malignant deviation of a fibroadenoma this tumor should be removed early. 
Early removal is also the best method for preventing metastatic spread if sar- 
comatous change has already occurred. If the tumor is small and of low-grade 
malignancy, simple excision should suffice. If larger or of a higher degree of 
malignancj’ a simple mastectomy with removal of the pectoral fascia is indicated. 
The more malignant forms have the tendency to infiltrate the rindcrlying muscle 
and give rise to recurrences. For that reason, in situations where there is evi- 
dence of this possibility the pectoralis nia.ior muscle should be removed. Fox 
advocated removal of both pectoral muscles in all cases but omitted an axillary 
dissection. Geschickter, on the other hand, favored simple mastectomy with the 
removal of the pectoralis fascia in the treatment, of fibrosarcoma and spindle- 
ceU sarcoma. 

It is of interest that the present-day conclusions concerning the surgical 
treatment of breast sarcoma coincide with those arrived at by Gross before the 
era of radical surgery. In 1887 he wrote, “The entire breast along with any 
skin that may be invaded must be extirpated, especial care being paid to the 
complete removal of every particle of pai’amammarj" fat and the fascia of the 
pectoralis muscle, in Avhich tissues experience shows that recurrence takes place. ’ ’ 

RADIATION THERAPY 

The radiosensitivity of tumors varies. Among sarcomas the lymphosarcoma 
and Hodgkin’s sarcoma are relatively sensitive. Liposarcomas also show some 
sensitivity but there is considerable variability. The types composed of young 
fat cells and those that contain mucoid and mj^xosarcomatous areas tend to be 
relatively sensitive to large doses of x-rays. Those composed mainly of adult 
spindle cells are more resistant. 

Since breast sarcoma is an unusual lesion there has been relatively little 
opportunity to determine the therapeutic effect of irradiation on these tumors. 
Wintz reported thirteen patients, most of them with spindle-cell sarcomas treated 
by this modality. Four received preoperative x-raj'- therapy and then underwent 
a. cautery excision of the tumor. In addition, three of these individuals were 
subjected to x-ray castration. These patients were alive after twenty, thirteen, 
and seven years, respectively. The fourth, or noncastrated patient, was free of 
disease for two years, at which time she became pregnant. In the first month 
of the pregnancy she developed a recurrent nodule in the breast followed soon 
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after by widespread skin iioduies. lung: nietasiasis, and death. Wintz believed 
it sigmificant llial tills patient was not castrated. 

One patient was snlijcctcd to a radical mastectomy followed by x-ray therapy. 
Two yeans later she devcloiied a recurrence and died shortly thereafter of lung 
metastasis. Four inoperable tumors were treated by irradiation, all of the pa- 
tients dying within two yciirs following initiation of this therapy. Of four 
patients with recurrence after operation treated by irradiation, three died within 
the first year and the other during tlic second year postirradiation, 

Wintz concluded that preoperative irradiation is of value in those instances 
in which the sarcoma is confined to the breast but that, x-ray therapy is useless 
in those cases in which the process has spread beyond its confines or in recurrent 
disease. 

Some investigators Jiavc reported favorable results from irradiation. Pfahler 
was enthusiastic about this agent c.speeially in the treatment of rceiUTenees. It 
is possible, however, that in some of the instances in wliieh spectacular regres- 
sion of the lesion is achieved the neoplasms may be lymphosarcoma or small cell 
carcinoma. 

Gesehickter believed that for liposarcoma, irradiation is preferable to 
radical surgery but tliat at best the di.sease can only be arrested, not cured. He 
advocated irradiating the regional lymph node areas as well as the breast because 
of the possibility of metastasis. 

Lymphomalous involvement of the breast is infrequent but where it does 
occur it is usually as a local manifestation of a generalized disease process. Un- 
der these conditions palliative x-ray therapy is the treatment oi choice. 

Roentgen therapy was administered to six of our ])atients. Two individuals 
with fibrosarcoma and one with spindle-cell sarcoma were irradiated following 
■simple masteetomj'. They were all alive and free of disease for more than nine 
„ears after operation. One woman with a spindle-cell sarcoma received x-ray 
^ therapy and gold radon seeds but refused operation and was lost to foOow-up. 

< One of our patients with angiosarcoma underwent a radical mastectomy and 
postoperative x-ray theraj^y. She died of pulmonary metastasis two years after 
the initial appearance of the brca.st tumor. Another woman with adenosarcoma 
underwent a modified radical ma.stectomy and postoperative high voltage roent- 
gen therapy. She remained free of disease for twelve years, after which she 
developed Inng metastasis and died. 

Prom this small mimber of eases no accurate conclusions may be established. 

In those long-surviving patients whose lesion was a sarcoma of low-grade malig- 
nancy and in whom a simple mastectomy followed by irradiation were the 
therapeutic procedures, it is conceivable that surgery alone might have sufficed. 
This reasoning may also apply in the tlu’ee cases of preoperative irradiation fol- 
lowed by local excision reported by Wintz. In our two instances of highly 
malignant sarcoma the patients died of the disease despite radical surgeiy and 

associated x-ray therapy. , ^ 7 ■ 

Postoperative x-ray treatment, however, may be of value m very cellulai 
tumors and in those which manifest infiltrative tendencies. There is also a pos- 
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sibility that the vessels aeljacent, to the excised tumor or breast may contain 
tumor thrombi. Under Iboso circumstances radiation therapy might prove ad- 
vantageous. 

It is quite possible that in some forms of breast sarcoma the incidence of 
recurrence and metastasis may be materially deci’cased by irradiation. Until 
enougli data liave been accunnilaled, a definite conclusion cannot be reached. 

PROGNOSIS 

The prognosis is dependent upon the variety of the neoplasm. Sarcoma is 
a generic term for a number of new growths which have in common their origin 
from mesodermal elements. These tumors vary in their malignant potentialities. 
At one end of the scale is the low-grade malignant variant of cystosarcoma 
phyllodes and at the o])posite extreme is the highly malignant angiosarcoma. 
This classification is suli.icct to further divi.sion because there are variations in 
degree of malignancy within the groups. Thus, ju'ognosis depends not only on 
the ty]3e of sarcoma but also on the grade of llie particular lesion within the 
group. 

Age is also a factor. Sarcoma tends to occur in relatively young women. 
The average age for our patients was -15 years. Gross summarized the influence 
of age when he m’ote, “Sarcoma oeeiUTing in a functionally active breast evinces 
a morbid disposition to recur after operation with less disposition to metastasize 
whereas a sarcoma of the declining breast recurs less frequently but it generalizes 
in a greater number of instances.” This generalization does not appear to apply 
to angiosarcoma as evidenced Ijy the rapid appearance of metastases in our youth- 
ful patients and those of similar age reported in the literature. 

Local recurrence, regardless of the surgical procedure employed, is a fre- 
quent occurrence but does not necessarily imply a poor prognosis. For example, 
Riedel removed recurrent lesions six times over a pci'iod of twenty years, the 
patient exhibitmg no evidence of disease at the time of death. A similar experi- 
ence was reported by Gross. The latter stated that 50 per cent of the recurrences 
take place within the first six months and that they may appear as late as twenty- 
five years after the removal of the initial lesion. The liigh percentage of re- 
currences given by the earlier writers may have been due to the inclusion of 
atypical carcinomas among their sarcomas. There were recurrences in eight of 
the cases being reported. These occurred in the following classes : liposarcoma, 
spindle-cell sarcoma, carcinosarcoma, and all of the instances of angiosarcoma. 

It has been frequently stated that sarcoma of the breast offer’s a better 
irrognosis than caremoma in this organ. This, as shown previously, depends 
upon the variety and grade of the sarcoma. Certainly angiosarcoma is mnch 
more malignant thair most cancers and, conversely, low-grade filrrosarcoma and 
liposarcoma are much less malignant than low-grade carcinoma. For that reason 
a general statement is not valid and prognosis must be determined, not from the 
disease as a whole, but fi’om an evaluation of each example oir the basis of typo 
and histologic grading. Lymph irode involvement appears to have a much more 
serious implication in eonireetion with brea.st sarcoma than the same phenomenon 
in association Avith breast cancer. Death inaj" result from sepsis in those in- 
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slanccs where the primary lesion or recurrences break down and ulcerate. In 
some cases metastasis causes a lethal outcome, whereas in the angiosarcomas 
internal hemon-hage from a metastatic focus is frec|ucntly the cause of death. 

SUMMAIiy AXD COXCLU.SIONS 

1. Variou.s U-pes of sarcoma encountered in the brca.st are briefly dc.scribed. 

2. Thirty cases of breast sarcoma arc reported, among which are three angio- 
sarcomas. 

3. A slndy of 100 radical mastectomies for .sarcoma reveals lymph node 
inva.sion in 4 per cent. 

4. An analysis of tiic results of .surgical therapy would indicate that con- 
.servativo procedures are as eft’eefive as radical measures. 

5. Radical mastectomy is the ]>roccdnrc of choice in pj'imary l.tTupho- 

inelanosai'coma, and carcinosarcoma. 

6. There arc not enough data on irradiation of breast sarcoma by which to 
evaluate the efficacy of this tlicrapeulie procedure. 


The au'Iior.s acUnowlcdRC their indcbteilne.ss to Di-. Frank Foote of the Slemoriat Hos- 
pital, Patiiolog:}- Dci>nrtnicnt. for rcviewJnR tlio mtcro.ccopic .specimens of the casc.s herein 
reported. 

i{KFBiu:xcrv.s 


Adair, P., Graver, L., and Hornnann, J. : Hodgkin ’.s Tlj.soai.e of the Breast, Snrg., Gvnec. Ob.'t. 
80: 205, W45. 

Adair, F,, and Herrmann, ,T. ; I’rinwry Lympliosareoma of the Breast, SunoEnY 16: S3G, lOtit, 
B(5rard, B., Alartin, J. F., and Henry, M.: A propo.'-’ d 'tin ca.s do mvo.'arcome manimaire, 
Lyon chir. 34: fi02, 1937. 

Bishop, E.: Sarcoma of flio Breast, M. A. Georgia 30: 232, 1041. 

Boldrey, E.: Primary Sarcoma of the Breast, Oanad. At, A. J. 35: 17, 19,30. 

Borrmann, R.: Alotastasenbildung Jjoi Jii.stotogiscli gutartigon Ges'dnvUlston (Fat! von 
nictastasicfondem Angiom), Beitr. z. patii. Anat. u. z. allg. Path. 40; 372, 1900. 
ClieatJe, L., and Cutler, At.: Tiimor.s of the Breast, Piiiladclplna, 1932, ,7. B. Lippincott Co!ii- 


aper, ty., and Ackerman, L. : Cystosareorna Pliyliodes AA'itli a Consideration of It.s Alorc 
%;■ . Alalignant Variant, Surg., Gynec. & Obst. 77; 279, 1943. 

-.-.f DaCosta, J. ; A Case of Endotheliom.a of tbe Alamraary Gland, Am. Aled. 5: 1024, 1903. 

T1 ’Auno.v, B., and AA'right, R.: S.areoma of the Breast, Ann. Surg. 92: 10.59, 3930. 

Deaver, .1., and McFarland, .T.; Tim Breast, Anomalies, Disc.ase.s and Tre.atmont, Pliiladelpbia, 
1917, Tbe Blakiston Company. 

Eiving, J.: Xcoplnstic Hiseasc.s, ed, 4, Pliiladelpbia, 1940, B. Saunders Comp.any, p. 555, 
Finsterer, J. : Ueber das Sarkom der rvcibliehen Brustdriiso, Deutsche Ztschr. f. Cliir. 86; 
352, 1907. 

Fox, S. : Sarcoma of tiio Breast, Ann. Surg. 100: 401, 1934. 

Geist, S., and AVIlensky, A.: Sarcoma of the ^east, Ann. Surg. 62: 31, 1915. 

Gescliickter, C.: Diseiises of the Breast. Pliilaclelplna. 194.3, .1. B. lAppincott Company, p. 379. 
Idem: Treatment of Lipomas and Lipo.xarcoirfas. In Pack, G., and Livingston, E., Treatment 
of C:\ncer :in(i Allied Diseases, vol. 3, New York, 1940, Paul B. Hoeber, Ine., p. 2104. 
Gescliickter, C., and Keasliy, L.: Tumors of Blood Vessels, Am. J. Cancer 23: 56S, 1935. 
Gross S ■ Sarcoma of the Female Breast, Am. J. AI. Sc. 94: 2, 1887. 

Harrington S., and Aliller, J.: Fibrosarcoma of the Alamraary Gland, Sukguky 7: 129, 1940. 
Idem- In Pack, G., and Livingston, E.: Treatment of Cancer and Allied Diseases, vol. 1, 
Xew York, 1940, Paul B. Hoeber, Ine., p. 709. 

Hill E and Stout, A.: Sarcoma of the Breast, Arch. Surg. 44: 723, 1942. 

and Pack, G. T.: Giant Intracanalicular Fibro-Adenomy.xoma of the Breast. Ihe 

' ' So-Called Cystosarconua Phyllodes Mammae of Johannes Aliiller, Am. J. Cancer 15. 

Leroux, luf iid ctanton, M.; Dysembryone Complexe de la Glande Alammaire, Bull. Asso. 
In^endaSrE^i WposSconia^i the Aforaraary Gland, Surg., Gynec. & Obst. 50: 81, 1930. 



AOAIU ANH nKUlniANN; SAKCOMA or HUKAST 


73 


Mcnvillo, J., nnd Bloocigood. .1.: SuliciilnJM’cmp Anpioinas of tlio firctist, Ann. Snrf^. 97: -JOl, 

inillcr, J.: Uobor don fcinorn Ban und die Bormon der krnnidiaftcn Go.«c’lnvuls(o, B('rlin, ISiSS, 
G. Kciincr, p. SG. 

Pack, G. T., and P^lirliclt, 11. E.: Keoplapm.s of llio Abdominal Wall With Special Con.nidora- 
fion of Bo.'imoid Tumor.*!, Infornat. Abslr. Siirp- 79: 177, 1914. 

Pack, G. T., and LoFevro, K.: The Ago and Sox ni.>!tribu(ion and Jnoidonco of !N'oo))lastic. Dis- 
eases at the Memorial llo.spital. Now York City, .1. of Canoor Re.'-oaroh 14; 1(!7, 19.30. 
Pfalilor: Quoted by Denver ,‘ind McFarland, p. -132. 

Poulscn, K.; Die Gcscliwiilste dor Miimma, Arch. f. klin. Cliir. 42: 093, 1S9I. 

Prvm, P. : Fibroevstadenoma Sarkomatosum dor Miimma mit Arotasta.*.^!, I’rankfiirt. Zt.solir. 
f. Path. 10; GO, 1912. 

Rhodenberg, G. : Sarcoma of the Breast. A report of ti oases, Proc. N. York Path. Soc. 17: 
112, 1917. 

Riedel; Quoted by Choatle and Cutler. 

Robinson, J., and Castlcman. B.: Boiign JIoiasfa.‘<iying iromangioma, Ann. Stirg. 104: 4.53, 
193G. 

Rogers, II., and Flo, S.; Sarcoma of tlic Breast, New England .1. ^led. 226: 841, 1942. 

Rose, .1.: Die Sarkomc dcr IVoiblichen und die Gcschwiilsto dor mannlichon Brustdriiseii nach 
deni Material der chirurgischon Klinik zii Leipzig, Deut.scIio Ztschr. f. Cliir. 246: 
131, 193G. 

Sailer, S.: Sarcoma of the Brciiat, Am. .1. Cancer 31: 183, 1937. 

Saphir, 0., and Va.ss, A.: Carcinosarcoma, Ain. ,1. Cancer 33: 331, 1938. 

Schreiner, B., and Thibaudeau, M. ; Sarcoma of the Breast, Ann. Surg. 95: 433, 1932. 
Schultz-Brauns, O.: Die Gesclnviilste dor Bnistdriise, in Lubarsch, O., und Henke, F., Iland- 
buch dor spcziollon ])athologisohon Anatomie, und Histologlo, vol. 7, pt. 2, Berlin. 
1933, .Tulius Springer, p. 23G. 

Seids, J., and McGinnis, R.: Malignant Tumor.* of Fattv Tissues, Surg., Gviiec. & Obst. 44; 
232, 1927. 

Smithy, H.: Mixed Malignancy of the Breast, SURcnnv 16: S54, 1944. 

Sopliian, L. : Adenoflbrosarcoma of the Breast, Arch. Path. 9: 1007, 1930. 

Stewart, F., and Copeland, M. : Neurogenic Sarcoma, Am. J. C.ancer 15: 1235, 1931. 

Sullivan, S.: Ostcoehondrosarcoma of the Breast. Illinois M. J. 82: 140, 1942. 

Warren, S., and Meyer, R.: Lymph Node Metastasis of Sarcoma, Am. J. Path. 14; 603, 1938. 
Wellbrock, W. : Sarcoma of the Breast IVith Foreign Body and Tumor Giant Cells, Ann. 
Surg. 90; 154, 1929. 

White, W.; Malignant Variant of Cystosarcoma Phyllodes, Am. J. Cancer 40: 458, 1940, 
Williams, W. : The Varieties of Mammary Neoplasm and Their Relative Frequenej’, Brit. 
M. J. 2; 576, 1892. 

Idein: Diseases of the Breast, London, 1894, John Bale, Sons & Curnow, Ltd., p. 417. 

Willis, E. ; Spread of Tumors in the Human Body, London, 1934, J. & A. Churchill, Ltd., p. 
114. 

Wintz, P. : Die Eontgentherapie bei Ovarialsarkoraen und hlammar-sarkoraen, Univ. Internal. 
Contra Cancrum. Acta. 2: 311, 1937. 




A HISTOLOGIC CLASSIFICATION OP CAKCINOI\rA OP THE BEEAST* 

Frank W. Foote, Jr., ]\LD., axo Piied W. Stewart, JI.D., New York, N. Y. 
(From ihc BirMon of Lahorntories and Bcscarch, N^cw Tor); Statr Department of Health and 

Memorial Jlospilal) 

N O UNIPOBIilLY accepted niodei'ii clas-sification of carcinomas of the breast 
now e.xisfs and any effort to construct one becomes an easy object of 
criticism. To satisfy the justly pi'actical needs of the clinical surgeon and to 
appease all of the demands of tlic tumor morphologist together make this prob- 
lem generally discouraging. Altitudes toward classification differ greatl.v from 
pereon to person and William Boyd, according to N. C. Foot J has divided classi- 
fiers into "lumjiers'' and "splitters,” the implications of which need no ex- 
position. We are forced to admit that we employ both the device of lumping 
and that of splitting. In general, wc prefer to .split when sufficiently accpiainted 
with particular types of tumoi’s and to lump AvJien the histologic and clinical 
cliaracters of a group of tumors are not familiarly knoum or recorded. 

With increasing emphasis on the recognition of cancer in its earliest pha.ses, 
it seems desirable when possible to include in classification schemes a listing 
for noninfiltrating forms of carcinoma. Whereas the existence of these non- 
filtrating forms is being increasingly accepted, there still remains a body of 
pathologists who will not make the diagnosis of car’cinoma unless they detect 
infiltration. This is scarcely logical since it is so much more reasonable to 
conclude that if the tumor had not been a car’cinoma prior to infiltration, then 
infiltration worrld not have occurred. In the classification scheme to follow, 
in so far as possible, the tumors have been classified as to site of origin and. 
hence, the nipple has been taken as a point of beginning, followed by tumors of 
Klucts and lobules, and finally certain relatively rare or highly unusual histologic 
tj^pes have been enumerated. Comment as to the probable site of origin of these 
-rare tj^res will be made as each is discussed. The classification to be presented 
deals only with the various histologic types of mammarj' carcinoma. Certain 
forms of mammary cancer such as carcinoma cn cuirasse and inflammatory eai’- 
einoma are omitted since they do not have histologic specificity. Benign tumors 
of the breast pi’oper are not to be discussed. It is not one of the purposes to 
include tumors of the sldn of the breast and its appendages or tlie various 
tumoi’s of the soft somatic tissues, since these turnons are related to the breast 
in only a regional sense. 


HISTOLOGIC CLA,SSIFICATION OF CARCINOMAS OF THE BREAST 


I. Paget's Disease of the Kipple 
IL Careinomas of Mammary Ducts 

(a) Noniniiltrating tumors 


( 1. Papillarj' carcinoma 
( 2. Comedocarcinoma 
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'I. Pnpillnry carchioina 

2. Comcdocarcinoma 

3. Carchionia with productive fibropin 
■1. Medullary corciTioma 

-5. Colloid carcinoma 


1. So-called sweat gland carcinoma 

2. Intracyslic, carcinoma 

3. Spindle-cell carcinoma, "adenosarcoma” 

-I. Adenoid cj’stic carcinoma 
15. Carcinoma with ospcoti'i and cartilaginous mota- 

plnsiii 

(>. Squamous carcinoma 

7. Malignant variant of fibroadenoma and cysto- 
sarcoma pliyllodes 

pagkt’s diseask op the nipple 

Paget’s disease iias long Lecii recognized as a clinical and pathologic entity 
and as such does not i-equire discussion. The lingering debate as to whether 
this is a disease primary in the epidermis of the nipple or whether it represents 
an outward extension of cancer cells from underlying mammary ducts caiuiot 
be settled here. Certainly in the ordinary case of Paget’s disease of the nipple 
there is easily identifiable underlj-ing carcinoma of mammary ducts (Figs. 1 and 
2) having no structural peculiarities that would separate it from those duct 
carcinomas that are not accompanied by Paget’s disease. Certainly there are 
those cases, the exceptional ones, where underlying involvement of mammary 
duets is distinctly minimal, but we have never had an example where we could 
say that the underlying mammary ducts Avere free from involvement. To sustain 
fully the thesis of primary origin in the epidermis a case is needed in which 
the entire nipple Avas sectioned serially and shown to have mammaiy ducts en- 
tirely free from malignant alteration. From time to time random sections 
have been seen in Aidiich the process Avas limited to the epidermis. Invariably 
when further material from such a case A\'as cut, involvement of underlying 
ducts Avas shoAvn. If Paget’s disease is primary in the epidermis it seems rather 
odd that the infiltrating tumor associated Avith Paget’s disease of the nipple 
is alAvays a tumor Avith the morphologic characteristics of carcinoma of the 
breast and that this structure is present in metastases. If Paget’s disease of 
the nipple is primarilj'^ epidermal in origin, it is peculiar that the infiltrating 
tumor does not commonly assume the form of an epidermoid carcinoma in both 
the primary tumor and its metastases. Failure to do this puts considerable 
strain on the theoiy of origin in epidermis. Even Avhen a lesion identifiable 
as Paget’s disease of the nipple shows epidermoid structural traits, this is not 
proof of primary epidermal derivation since duct carcinomas of the breast 
may assume the properties of epidermoid carcinoma in both the primai’y tumor 
and node metastases in the absence of overlying Paget’s disease of the nipple. 
To cite examples of extramammary Paget’s disease does not necessarily solve 
the problem of this disease of the nipple. The impression has been gained that 
some cases of extramammaiy Paget’s disease are not critically diagnosed. Where 


(I)) rnfiUruting (uniors 


in. Carcinoiiins of Mammary Lobules 

(a) Noninfiltrating 

(b) Infiltrating 

W. Pclatively Pare (’'arcinonias 
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tlic I'csemljlance to Paget’s disease of the nipple is satisfactory, it is necessary 
lhat evidence bo presented that sweat gland ducts in the region were not in- 
volved. Bxtramammary Paget’s disease is so uncommon that all of its his- 
togcnetic problems have not been settled. Wo have seen no case which 
showed critically the jirimary oi'igin of Paget's disease in the epidermis of the 
nipple. 

Fie. 1. 



Flir. 
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The clinical implications of Paget’s disease of the nipple are, for the vast 
majority of cases, quite clear-cut and Ihey indicate the necessity for radical am- 
putation of the breast. Even in Paget’s disease of the nipple, in which there 
is no clinically paliiablc underlying lesion, one nnderlakes considerable respon- 
sibility when recommending any procedure short of radical mastectomy. Jletas- 
tases have been found in Paget’s disease when no definitive tumor was pal- 
pable. Sections from such eases have shown the lU’csencc of miniature in- 
filtrating carcinoma. 

CARCIN'OJIA OF JIAAIMARY DUCT-S 

Nonmfiltraihig I'umors . — 

PapiUary cai-cinoma: The term noninfiltrative ])a])illary carcinoma desig- 
nates a tumor of specific histologic type in a phase highly favorable for cure 
by means less radical than those required for infiltrating carcinomas. Struc- 
turally the disease is limited to tlic mammary duct system and cither the large, 
medium-sized, or small radicles maj*- be atleeted. "Whereas there may be ex- 
tensive spread throughout a largo portion of the duet system, there is usually 
fairly well-defined segmental distribution having at least quadrant localization. 
In some cases one gets a distinct impression of multiple foci of origin and in 
the rare case there are apparently independent jn'iniary sources in different 
quadrants of the breast. Microscopically the tumor is characterized by atypical 
papillary hyperplasia of duct epithelium which is heaped up in solitary finger- 
like projections which usually do not possess a vascularized stalk (Fig. 3). 
Papillary anastomosing strands of tumor bridge tlie lumen of tlie duct leaving 
vacant spaces which result in a cartwheellike structural pattern. In some areas 
the cell proliferation becomes so dense that basic papillary properties are over- 
grouTi. The duct lumen is progressively reduced and finally obliterated. Charac- 
teristically, the central areas of intraductal tumor do not undergo necrosis as 
is the case in comedocarcinoma. Some of these tumors do not exhibit a higli 
degree of cellular atypy. The individual cells are usually of medium size and 
do not vai’y a great deal in configuration and stainabilit}’. Hyperchromatism 
is not impressive and the rate of cell division is low. The histologic alteration 
of greatest significance is a disturbance in cell polarity. Tliese various factors 
combine in quality and degree beyond that found in benign duct papillomatosis. 
It must be acknowledged that there is a zone of altered cell growth where the 
diagnosis of carcinoma versus atj^ical papillomatosis is a question of occult 
distinction and must be accepted or rejected on grounds of faith in the patholo- 
gist or lack of it. In some instances in which the presence of noninfiltrating 
papillary carcinoma is quite obvious, there will be additional outlying or adja- 
cent foci in which the degree of structural change is distinctly less advanced 
and this leads one to believe that pre-existing papillomatosis had been present 
and had undergone malignant transformation. 

In our material this is a rare variety of mammary carcinoma seen only 
fivo to three times per year, during which time about 500 surgical specimens of 
mammary carcinoma are examined in the laboratory. As a result of having 
seen a large number of refen-ed patients in whom the diagnosis of noninfiltrating 
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papillary carcinoma has been made, we aze convinced Hiat it zs made miieli 
loo often. The vast majority of such referred diagnoses proved to be nothing 
more than benign duel papillomatosis. The ci’ior in diagnosis is hence most 
often made in the direction of nn justified diagnosis of carcinoma. 

A izreopei alive, clinical diagizosis of carcinoma in these patients is nn- 
likely since the secondary physical signs of breast carcinoma az'c not present 
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and the lesion is not often well deniarcalod and diserele. Bleeding iiip])lo may 
or may not be present. For these reasons sneh eases arc ajit to come to the. 
pathologist’s attention at the time of operation when a locally c.Kcised portion 
of breast tissue is submitted for frozen .section. In the gross, one sees multiple 
mammary ducts which appear partly or entirely filled with friable gi'ayish- 
wliite tissue. The central, intraductal necroses of eoincdoeai’cinoma are not 
present. It is very difficult in some cases to be certain from frozen sections that 
there is no infiltration. Under these circumstances it is our policy to recommend 
simple mastectomy. If no infiltration is found after study of subsecpient paraf- 
fin sections, further operative procedure is nnneec.ssary. If, however, the tumor 
is shown to be infiltrating, it is obligatory that radical dissection be carried out. 
In no case of noninfiltrating ])ainllary carcinoma is it safe to stop short of 
simple mastectomy since no one can gne.ss aeeurately the distiabution of the 
tumor M-ithin the breast. 

Comcdocarcinoma : The noninfiltrating form of comcdocarcinoma differs 
from papillaiy carcinoma in that the growth within the dnets is generally more 
solid and is accompanied by central necrosis. On gross examination there is an 
expressible core of soft or semisolid, usually somewhat greasy, material. It is 
this pi-opert.y of simulating a eomedone that is responsible for the descriptive 
term employed. Comedocarcinomas may arise in any portion of the duct 
system. If one plots the distribution of these tumors he will discover that, 
contrary to usual teaching, they more frequently begin in the smaller and 
intermediate duet divisions. The intraductal proliferation of cells often expands 
a small duet to and be,yond the dimensions of the major mammary ducts. True 
enough the most classical and impressive cases do involve the larger channels 
but at the same time they are exceptional. Histologically the intraductal pro- 
liferation is decidedly atypical in a degree far exceeding that which is usual 
in papillary carcinoma. The cells eoneei-ned are usually larger, are more hyper- 
chromatic, show greater loss of polarity, and in an overall sense are much more 
anaplastic (Fig. 5). In so far as the pathologist is concerned, these tumors pre- 
sent ill part the same frozen section problem as noninfiltrating papillary car- 
cinoma. They are not so difficult, however, from either the gross or the micro- 
scopic point of view. 

A true noninfiltrating comedocarcinoma is another rare type of mammary 
cancer constituting less than 1 per cent of all eases. The chief reason for 
specific mention of this tumor as an anatomic type is that it represents another 
example of breast carcinoma rationally treated by means of simple mastectomy. 

Infiltrating Tumors . — 

Infiltrating X)a 2 nllary carcinoma: Infiltrating papillaiy carcinoma of mam- 
^ij^iry duets represents a later phase of the tumor described under papillary car- 
cinoma. Ill the more advanced invasive stage, its papillary qualities are well 
maintained (Pig. 4). The tumor incites little or no reactive fibrosis in the breast 
and on section it appears cellular, soft, and friable. Considerable bulk is com- 
monly attained and other attributes are circumscription without encapsulation 
and a tendency to irregular necrosis which is usually central. Skin attachment 
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is customarily very late iji the course of the disease and seldom seen unless the 
tumor is very large. Rate of growth is .slow and when thei’e lifis been a historj’ 
of recent rapid enlargement, thi.s can nearly always be explained by finding 
large areas of anemic or hemorrhagic necrosis witli edema and exudative reac- 
tion in and about the tumor, fmportant to mention is the ordinarily long de- 

Fitr. 5. 



Fig. 6. 


Fig. 5.— Noninfiltrating comedocarcinoma. 
G.— Infiltrating comedocaremoma. 
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lay before axillary node involvement takes i)laee. In the bi’casl tissue itself the 
tumor shows little ability for intrainainmaiy spread along periductal or other 
lymphatic channels. 

Due to aforementioned low-grade infiltrative qualities, these tumors are 
easily movable on pal])ation of the breast. This factor, combined with a lack 
of firmness, has in a number of instances led to a clinical diagnosis of fibro- 
adenoma. The practice of aspiration biopsy at ^Memorial Uospital obviates any 
delay in correct diagnosis. In those ca.scs in which local excision is done the 
gross aspect or, if needed, frozen .section will disclose the true nature of the 
tumor and the radical operation can then be carried out. Conservatism is un- 
warranted in spite of the better prognostic outlook. 

Infiltrating comcdocardnoma: Comedocarcinoma is almost invai'iably in- 
filtrative when its in-esenee is discovered. The only feature distinguishing it 
from other forms of infiltrating duct carcinoma is the accented feature of intra- 
ductal growth (Fig. 6) which is manifest both grossly and microscopically. If 
the disease is very advanced little of the quality of intraductal growth is re- 
tained and, as a consequence, such tumoi’s lack much of the distinctiveness of 
classical comedocarcinomas. There is evexy I’ange of balance between the prop- 
erties of intraductal growth and those of infiltration. Naturally where infiltra- 
tion is minimal the prognosis is correspondingly more favorable. 

The histologic characters of infiltrating comedocarcinoma are very varied 
and from case to case one encounters tumors that grow after the fashion of 
ordinary scirrhous carcinoma or medixllary carcinoma, or perhaps the tumor 
becomes largelj- colloid. Occasionally the cytology corresponds to that of so- 
called apocrine sweat gland carcinoma and again certain areas of an infiltrating 
comedocarcinoma become spindle cell or otherwise pleomorphic in make-up. In 
other words the infilti'ating foi’ms of comedocarcinoma have all the histologic 
potentialities of the various forms of duct carcinoma next to be described. 

Infiltrating dnet carcinoma ivith 'productive fibrosis: Tumors comprising 
the gi’oup of carcinomas with productive fibrosis are far and away the com- 
monest forms of mammary cancel’, aggregating roughly 70 per cent. Included 
here are the tumors that maj" be summed up as “ ordinary mammary scirrhus. 
We are broadening this interpretation, however, to include some more cellular 
varieties in which the growth is less scii’i’hous. Even those cellular tumors re- 
ferred to as carcinoma simplex show’ more or less desmoplasia or productive 
fibrosis, and to include in a classification scheme a sepai’ate heading for eveiy 
microscopic vai’iant creates added complication — an end already rather capably 
achieved in the foregoing classification. 

For extreme forms of scirrhous' carcinoma the term fibrocarcinoma has 
sometimes been used. For the more cellular form of this type one may employ 
the descriptive tei’m carcinoma simplex. As w’ould be expected, the majority 
of tumoi’s falling in this large group lie between these extremes. Correspond- 
i>^gly, the degree of structural distortion seen in the histologic growth patterns 
is widely variable. Certain members of this group are quite orderly and grow 
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is cnslomax'ily vei'y iafe in the course of <iie f^'^ease and seldom seen unless the 
tumor is vei’y large. Rato of gi'owth is slow and when there has been a history 
of reecjxt rapid cnlai-gojnont, this can Jieai-l,x- always be explained by finding 
large areas of anemic or hemorrhaGric necrosis with edema and exudative reac- 
tion in and about the tumor. Important to mention is the oidinarily long de- 
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Fig 5 —Noninfiltrating comedocarcinoma 
Pig G— Infiltrating comeclocaicinoma 
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examples of almost acellular lumons in 'which the colls arc so sparse that diag- 
nosis of cancer in a limited field might he difficult. In such liighly fibrolie 
tumors the infiltrating cjiilholial cells are sometimes so densely compressed be- 
tween collagen fibers that they become nari’ow and spindle in contour in .such 
a w'ay that they simulate connective tissue cells 

fib. 9. 




Fib 10. 

rie a. Infiltiatmg duct caicmonia ftith piodxictlve flbios>is 
Fib 10 Inflltrating duct c.ncinoiiia \\ith productive Abtosis 
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The macroscopic characteristics of these tumors are easily recognized and 
these are the forms of mammary carcinoma nsnaily described when the classical 
gi’oss traits of mammary carcinoma are eiuimerated. The majority of these 
tumors are not rounded but arc discoid and have distinctly irregular edges 
wiiich I'adiate from the general periphery of the tumor into adjacent fibrous or 
fatty breast tissue. An outstanding attribute is firm and almost unyielding 
induration. Under the knife they cut with increased resistance and the ex- 
posed surface is depi'osscd below the level of tlie snrroimdmg breast tissue. 
The cut surface of the tumor exhibits the pro.saic yet authentic striate, yellow- 
ish, ohalin* streaks, seattci'fd over a generally grayish or pale grayish-yellow 
background. Spontaneous hemorrhage and large area.s of necro-sis are much 
less common in this typo of mnmmaiy carcinoma tJian in many others. On the 
average these tumors arc 2 to S cm. in gi’oatest diameter. Oreat bulk is some- 
what exceptional. 

Radical mastectomy is the only approved snrgieal procediu'e for tumors 
in this infiltrating group. This applies even to those tumors that are designated 
numerically as of low-grade malignancy. WHiereas t}7e ii'cquency with which 
the axilla is involved in these tumoi's of lower grade of malignancy is distinctly 
lo-ss than the more histologically malignant, it is loo frcfincnt to justify the risk 
of limited breast surgery. 

McdnJlarif carciiiovift: ^Icdiillaiy carcinoma is characteristically composed 
of large, oval, rounded or polygonal cells with abundant basoplulie cytoplasm 
and large vesicular nuclei. The cells are put together usually in rather broad, 
anastomosing, medullary or idcxiform masses. In some of tlie tumors there is 
fairly well-developed papillnn' quality and in such areas the formation of 
lumina is not unexpected. In still other examples the growth pattern is highlr 
indifferent and almost syncytial in its diffuseness. The degree of liyperchoma- 
tism, nuclear variation, and cytoplasmic variation as to size and shape is not 
great. Hemorrhagic or anemic necrosis is common. The tumors are apt to he 
quite rich in mitoses. 

A great many medullaiy carcinomas ai'e accompanied by abundant infiltra- 
tions of small lymphocytes to sucli an extent lhat they seem to be a formal 
component (Fig. 11) in the make-up of the tumor. Their presence cannot be 
explained as a reaction to broken down tumor since they may be seen in very 
small tumors that do not have foci of necrosis. They arouse the speculation 
that they are a manifestation of host reaction to the presence of tumor. This 


structural peculiarity is .sufficient to justify specific recognition and to report 
such tumors as medullary carcinoma with lymphoid infiltrate. 

Grossly, medullary carcinomas liave highly distinguishing qualities and 
they stand in contrast to the group described in the preceding section. They are 
commonly quite bulky, measuring 4, 5 and 6 cm. in diameter, and now and 
then these dimensions are doubled. They are rounded or globoid, cut with little 
resistance and although not encapsulated these tumors are distinctly cirenm- 
scribed and present a smooth periphery. On cut section the exposed surface 
1mlc.es above the level of the surrounding tissue, tlie tumor is soft, and ehalk.r 
stre°aks are unexpected. Wlmre the cancer is fully viable it is grayish-wliite, 
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but as a group these tumoi's are quite prone 1o spontaneous iicmorrhagc and 
necrosis and for this reason may present variegated coloring. Size for size tliey 
are distinctly less infiltrating than scirrhous carcinomas as Judged liy the local 
infiltration in the breast as well as the freipiency of axillary node metastases. 
Due to relatively low-grade infiltrative tendencies and the habit of circumscrip- 
tion, they are apt to show clinically little or no shin attachment or dimpling. 

Kle. 11. 



Fig. 12. 

Plff. 11 — Medullary carcinoma with lymphoid infiltrate. 
Pip. 12 — Colloid carcinoma of breast. 
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As a rule the axillary nodes do not contain tumor unless unless the primary is 
as large as 1.5 to 2 cm. and tiinioi's may reach very large size or even fungate 
without having metastasized to the axilla. They constitute about 15 to 20 per 
cent of breast carcinomas. 

In .surgical control of this di.sease, radical mastectomy is again the only 
procedure that can be ])ropcrly advised. Even though the.se tumors have seldom 
pi’oduced axillary metastasos when V/i fm. or smaller in diameter, this does 
not constitute any assurance for a pai’ticular case and any conservative -proce- 
dure involves increased ri.sk to the patient. 

Colloul carcinoma: Tlic diagnosis of colloid carcinoma of the breast is 
necessarily imperfect in many cases, inasmuch as it represents the employment 
of a descriptive term for a histologic alteration which is present from case to 
case in varying dcgi’ces of completeness (Fig. 12). When to use the term and 
when not to use it is a more or lc.ss arbitrary matter which will differ from 
person to person. Where a iahoratory is handUng a })iilky material tbei'e is 
apt to be little inclination to employ this term unless the gelatinous character 
of the tumor is highly developed. On the other hand, if a limited amount of 
pathologic material from breasts is available this term is likely to be much 
more readily applied because of the natural lumian instinct to dress up mate- 
rial as gaily as possible. PaHicularly in some rather bulky mammary cancers 
there is a tendency toward colloid change. On tlie other hand, a carcinoma of 
the breast is occasionally encountered as small as 1 em. or less in size in which 
the whole ])ody of the tumor is soft and gelatinous with no firm noncolloid por- 
tion. Our own practice is to employ the term colloid carcinoma when this is an 
ob%nous character seen in the gross. When the colloid aspect of the tumor is 
a random microscopic finding, we are inclined to designate the tumor as an 
infiltrating duct carcinoma, partly colloid. 

We have not as yet noted colloid change in a tumor which had charac- 
tei’isties indicating origin from mammary lobules. This is not necessarily a 
permanent point of view since it is hardlj- possible to predict in any group of 
malignant epithelial tumors the inability to show colloid change. 

Sometimes one is hard put to designate the degree of malignancy in a 
colloid carcinoma. This is principally true in those tumors in which the cancer 
cells are very .sparse. All that can be done is to base the idea of the malignancy 
of the tumor on what can be seen but it is not a good plan to take one’s ideas 
of the grading of a colloid carcinoma too seriously. Some of those tumors which 
are both small in dimension and relatively acellular vill be found to have pro- 
duced axillary metastases, and it is unAvise to trifle with colloid carcinoma no 
matter how sluggish it appears under the microscope. Grading in most colloid 
carcuiomas can best be based on the structure of noncolloid portions. 

C.VBCIKOJIAS OF JIAJIM.ARY LOBULES 

Noninfiltrating Lobular Carcinoma.— In a pi'evious publication- we referred 
to noninfiltrating lobular carcinoma as -lobular mammary carcinoma in situ.” 
This foimi of mammary carcinoma usually goes unrecognized. In all probability 
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lliis is largely caused by its extremely low rate of occurrence. 3’erhaps, because 
of lack of material or interest in the structural attrilnites of mammaiy lobules, 
pathologists have spent little effort in their .study, hlvidence in this direction is 
furnished in the recently published eumulative index of the Avierican Journal 
of Pathology covering a twenty-year period from 1925 through 1941. Included 
are only twelve articles on human lireasf pathology' and but one of these is 
primarily concerned with the mammary lobules. 

Microscopically, one finds in limited and sometimes large areas numbers of 
mammaiy lobules, some of which are decidedly larger than normal and whose 
cellular make-up is greatly changed (Pig. 13). The cells within the acinar 
components, although not large, exceed the size of normal acinar cells. They 
pile up in a loose or compact fashion with no orderly layei’ing. Almost always 
the acinar lumina are obliterated and the cells within lack coherent arrange- 
ment. They differ little in size bnt assume various shapes tending to be round 
or ovoid where there is least cell crowding. The nuclei are not hyperchroraatic 
and may actually appear pale, somewhat after the manner of the cells in Paget’s 
disease of the nipple. Mitoses arc few. The cytoplasju is moderately opaque 
and does not have outspoken eosinophilic or baso]>hilic (piality. The involvement 
of a single lobule may be complete or partial, and in the latter instance nice 
contrast is demonstrated. In making the diagnosis microscopically of lobular 
carcinoma in situ, one must not confuse the intralobular extensions of tumors 
whieh are of duct origin. Such extensions are only superficially confusing with 
true lobular carcinoma in situ. 

Lobular mammary carcinoma in situ cannot be diagnosed clinically nor can 
a diagnosis be made on gross pathologic examination. All that one sees in the 
gross are groups of rather large lobules whieh may bo more or less closely spaced 
and concentrated Avithin a relatively limited area. For this reason, this form 
of noninfiltrating carcinoma represents an incidental finding in local excisions 
which have been done for presumablj" benign conditions. The only physical 
sipi elicited where this lesion exi.sts is ill-defined induration and this only in 
the exceptionally Avell-developed case. In our opinion, simple mastectomy 
should be done when the diagnosis of lobular carcinoma in situ is made and 
if, in subsequent pathologic material, infiltration is discovered, further surgical 
procedure is necessary. 

Infiltrating lobular carcinoma: Infiltrating lobular tumors make up about 
3 to 5 per cent of all breast eai'cinomas. As a histologic entity they are not 
widely recognized. Tlie microscopic structural pattern assumed by these tumors 
is, however, quite characteristic once its peculiarities are appreciated. To be 
certain of the identity of this infiltrating form of cancer as one arising in 
lobules requires the observation of a large mass of breast material sufficient to 
supply enough key eases Avhieh show transitions from the noninfiltrating foi-m 
of the disease to the fully infiltrating tumor. The infiltrating portions of lobu- 
ar caremomas typically reveal threadlike strands of tumor cells rather loosely 
ispersed throughout a fibrous matrix. After infiltration has occurred there is 
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no tendency for the cells to simulate at}7)ieal iobnlcs. Shcetlike growth is dis- 
tinctly nncharaclcristic. The individual cells are small or medium-sized and 
commonly elliptical or spindle-shaped due to the denseness of the surrounding 
fibrous tissue matrix (Figs. 15 and 16). Tliey are rather uniform in their 
staining properties and exhibit relatively little cytologic irregularity. The 
structure of the tumor in metastases is apt to contrast considerably -with the 

IOk. 13. 



Elg. 14. 

a 3 „Noninmtrating lobular erreinoma dobular carcinon,a In situ,. 
51; it-mvh- ibMtratlve phase of lobular carc.noma. 
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commonly rather acellular structure of the primary tumor. In extreme ex- 
amples the axillary melaslascs actually simulate lymphosarcoma. We have 
seen several referred patients in wliom the pathologic diagnosis of lympho- 
sarcoma had been made from sections of axillary nodes which contained meta.s- 
tases from undisclosed breast primaries. Great ccllularity in the primary 
tumor is unusual but there arc occasional cases in whicii this does occiir. 

FIe. 15. 




Flff. 16. 

Fie. 15.' — Noninfiltrating and infiltrating lobular caicinoma 

Fig. 16.— Periductal inSltration pattern likely to be assumed b5 lobular carcinoma 
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111 the gross, infiltrating lobular carcinomas are more apt to resemble 
.scirrhous carcinomas than other gross anatomic typc.s. The tumors, as a rule, 
are discoid or somewhat in-cgular in shape and rather ])oorly demarcated. They 
are tough and firm and are le.ss ajit to show chalky streaks so common in or- 
dinary mammary scirrhus. On some occasions the gross specimen can be ciiiitc 
confusing and misleading. The,se episodes usually come about at the time of 
operation when a locally excised siiecimen of brea.st ti.ssue is .sent in for frozen 
section diagnosis. Such a specimen may pre.sent no distinctly visible le.sion and 
yet contain a palpable area of ]ieculiar induration, the precise limits of which 
are vague. Such lesions can cau.se difliculty in frozen section diagnosis, since 
the cell proliferations are in minute or single-cell strands or composed of iso- 
lated single-cell units. After the diagnosis of cancer is made it is well to be 
prepared for que2’ulou.snc.ss from the operating surgeon who iindei'.standahly 
would like to be operating for something more finite than indistinct induration. 

These tumors are fully aggre.s.sive mammary cancers and as such call for 
radical surgical mea.sures. 


Ri:r.ATIVEL.Y R.VRE G.VKCI.XOAIAS 

So-caUed Siccal Gland Carcinoma . — It should he undeistood here that .sweat 
gland carcinoma is not carcinoma of the sweat gland appendages of the skin of 
the brea.st. The term sweat gland carcinoma needs further ciualification and is 
more properly referred to as apocrine .sweat gland careinoiiia since the cell type 
concerned has real re.semblance to the cells of cutaneous apocrine sweat glands. 
These tumors constitute about 1 pei’ cent of mammary carcinomas and are a specific 
histologic tj'pe characterized by large eosinophilic cells which are oftentimes 
columnar and contain abundant eosinophilic c.vtojdasm and relatively small 
nuclei (Fig. 17 ). All of these (jualitics. with the exception of the eosinophilic 
qualit.v of the cytopla.sm, are sub,iect to considerable variation. In tumors where 
this characteristic does not exist the diagnosis is not .iustified. 

In the cla.ssification given, so-called sweat gland carcinoma has not been 
listed under a specific anatomic site of origin .such as duct or lobule. Avoiding 
this was purposeful. The cells making up these tumors bear considerable re- 
semblance to cells found in both the ducts and lobules of the breast which have 
undergone apocrine metaphrsia. In the material that we have available which 
o-a%'e evidence for a site of origin, the mammary ducts were implicated. In 
the unusual but most satisfactory case, highly convincing transitions are seen 
ranging from t.vpical apocrine epithelium to apocrine epithelium in at.vpical 
hyperplasia to intraductal apocrine sweat gland carcinoma and finally to in- 
filtrating carcinoma made up of apoerine-Iike cells. Since, however, apocrine 
metaplasia commonly affects the lobular epithelium, it does not seem justifiable 
to exclude the lobules as a potential source of origin. 

There are no unique characters that make it possible to identify these 
fnmors OTOSslr. Customarilv they resemble the more ceUular infiltrating duet 
carcinomas with more or less productive fibrosis. Extreme degrees of fibrosis 
are not usual Occasionally the gross appearance is that of a comedoearemoma. 
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The morpholojiie sjiocificUy of tlio.’?e tumors is evident only mieroseopically. 
The tliorapeutie implications of infiltratiiijr mammary carcinomas ajiply here. 
If perchance a noninfiltrating form is cncountcrocl, simple mastectomy should 
suffice. 

Iniracijstic Cdvcinomo . — It is distinctly infreciuent to .see an unequivocal 
anatomic example of this type of mammary carcinoma. That this should be a 

kif. it. 



Fig. IS. 

I'lg. 17. — So-called apocrine sweat gland caicmoma of brea”?! 
Fig. IS, — Duct carcinoma with spindle and pol> hedral cells 
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rave form is not surprising, inasmuch as the vast majority of cysts in the breast 
lose their c])itliciial lining n’lien they become a few millimeters or more in diam- 
eter. Even in those cysts of the breast which still retain epithelial lining, 
atypical hyperplastic epithelial changes arc nearly nonexistent. Intracystic 
papillomas arc themselves very few in number if one includes only authentic 
examples of this lesion and excludes the common intraductal papilloma. The 
latter lesion is oftentimes loosely referred to as an intracystic papilloma, which 
it, indeed, is not. Sometimes in a true intracystic carcinoma there is residual 
noncancerous papilloma but these traceable lesions are almost a curiosity. This 
anatomic type has purposely been excluded from listing under either the tumors 
of duct or lolmle origin since by the time that an intracystic carcinoma has 
developed, its exact point of origin is no longer demonstrable. It is difficult 
enough to decide where 1 and 2 mm. sized cysts arose. This tumor is more 
distinctly a gross than a microscopic entity. 

In this numerically small group of mammaiy tumors, now and then a non- 
infiltrating tumor is discovered confined to the wall of the cyst. Usually in- 
filtration is present and it is more apt to be advanced than limited. Even where 
there is considerable bulk of solid infiltrating tumor, at least a portion of the 
cyst is uninvolvcd in the malignant process. The intracystic portions of the 
tumor are nearly always partly papillary but they may be almost entirely 
solid and very cellular. The infiltrating portions assume a wide variety of 
stnictural patterns varying from highly cellular tumors to those that are pre- 
dominantly scirrhous in charactci’. We have never seen an infiltrating intra- 
cyslic carcinoma which assumed any gro^vlh trait not common to one of the 
several forms of definitely established duct carcinoma. In no case has the 
intracystic carcinoma partaken of the histologic qualities seen in lobular car- 
cinoma. 

The disease is a rare one and hence opportunities to employ different forms 
of surgical procedure will be correspondingly few. In the rare case where 
one can be convinced of lack of infiltration, simple mastectomy as opposed to 
radical mastectomy is the reasonable form of treatment, but with infiltration 
there are all the implications of cancer of the breast in the ordinary sense. 

Spindle-ccll Carcinoma, “ Adenosai'coma .” — To the preceding terms car- 
cinosarcoma may be added. Usage of these terms is not uniform. It is our 
practice to use such terms as adenosarcoma and carcinosarcoma as little as pos- 
sible. They can"of course be used in either a descriptive or a defivative sense. 

In the first instance, one would signify a malignant epithelial tumor hai'ing 
areas which simulate a malignant connective tissue tumor. When used in a 
derivative sense, that is, a histogeiietic sense, the terms indicate a malignant 
tumor containing cblls'of both epithelial and mesodermal origin. In so far as 
the breast is concerned, it appears probable that the only tumor properly merit- 
in'^ a diagnosis of adenosarcoma or carcinosarcoma is the malignant variant of 
CYstosarcoma phjdlodes or fibroadenoma in which there is malignant change 
involving both epithelial and connective tissue cells. No definite rules have been 
established as to the usage of such terms and when one employs them in manu- 
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script, explanation of usage is imperative to avoid confusion. In tliis classi- 
fication these terms arc used in a. inirely descriptive sense. 

Spindlc-ccll carcinoma of the breast is so uncommon that only once^ in 
se veral hundred eases is it ncc c.ssary to make the diagnosis . . Thus the problem 
of tenninology is a trifiing~onc! Wlicther or not one is justified ever in making 
a diagnosis of spindle-cell carcinoma, unless there is at least some traceable gland 
forming or other epithelial (piality, is a debatable matter among pathologists. 
Here again one deals in attitudes and is hard put to defend satisfactorily that 
attitude vhieh has been assumed. A doctor is apt to be friendly or unfriendly 
toward the diagnosis of spindle-cell carcinoma in about that degree to which 
he accedes to the metaplastie capabilities of neoplasia in general and it is also 
dependent upon how broad a mass of neoplastic disease he has had to study. 
In making the diagnosis of spindlc-ccll carcinoma in the absence of definitely 
demonstrable epithelial structure, it is perhaps preferable to aelaiowledge some 
doubt as to the ultimate accurac}' of the diagnosis. In this way one can avoid 
a. certain amount of unnecessarj- argument and yet maintain his private opinion. 
Painstaking study of multiple blocks will oftentimes turn up the desired in- 
disputable epithelial areas. It is also noteworthy that these tumors metastasize 
to regional lymph nodes, which is not the expected behavior in sarcoma. As 
a general rule applicable to neoplasms as a whole, it maj" be stated that it is 
much more common for an epithelial tumor to show pseudosarcomatous areas 
than it is for a connective tissue tumor to show pseudoepithelial areas. We 
have spoken of spindle-cell carcinoma in this section but it must be added that 
some of those tumors w'hich are predominantly spindle cell show', in addition 
to this type of cell, a great variety of cells of all sizes and shapes w'liich grow 
in a more or less indiscriminate pattern (Fig. IS). 

These pleomorphic mammary tumors Avliich liave epithelial and pseudosar- 
comatous properties are quite apt to be bulliy. Other factors associated with 
them are long duration and secondary ulceration of overlying skin. In an 
occasional case in which there are biopsies from succeeding local recurrences, 
it is sometimes observed that the recurrences at one time partake largely of 
epithelial quality, while at other times the pseudosarcomatous pattern is pre- 
dominant. To our minds these observations reinforce the fundamental view 
that the tumors are piimaril}' epithelial in origin. An exception has already 
been cited. 

Adenoid Cystic Carcinoma . — This is a vanishingly rare breast carcinoma. 
Structurally it is absolutely indistinguishable (Fig. 19) from the adenoid 
cystic carcinoma of major and minor salivary glands as w'ell as from mucous 
glands of trachea and bronchi. The same histologic type of tumor is also 
seen very occasionally arising from cutaneous sw'eat glands. We have seen 
only three examples of this tumor primary in breast. In one of these the adenoid 
cystic areas blended with areas grow'ing like ordinary duet carcinoma with pro- 
ductive fibrosis. In addition there were ducts show'ing atypical papillomatosis 
and intraductal carcinoma. These findings suggest that the adenoid cystic 
carcinoma is another histologic variety of duct cancer. 
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The avnilabk* inventory of these tumors is so small tlial a eoinj)relicnsive 
accoimt of tlicir clinical behavior is not available. In other locations they are 
well known to have the ability to metastasize oven though the clinical course 
may be prolonged. Until evidence to the contrary is presented, radical opera- 
tion should bo carried out. 

Flp. 13 
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Mammd)')/ Carcinainii Wif)i Osstous and ('nrlilafjinons Metaplasia . — This 
rare grouj) of iiinminavy carciiioinns fuvnislu's sonic of llu' most slruclnrally 
bizarre breast tnniors. Tlic aforemenlioiied inelaplaslie ebaraeters may be 
seen in only very limited areas of a tumor growing as infiltrating duct car- 
cinoma or they may dominate the histologic jiielure almost in the exclusion of 
other elements. Not a few of these tumor.s show areas growing as S(|uamous 
carcinoma. Invariably there is more or le.ss spindle-cell eonpionent which can 
in most cases be traced in transitional stages to malignant e|)ifbelial cells. Ac- 
tually if seems that sjiindle-eell metaplasia is an intermediate stage ])roliminary 
to the assumption of the osseous and cartilaginous ([ualities (Figs. 20 and 21). 
In some cases the cartilaginous areas jircdominale over the o.sseous and .some- 
times the rcvcr.se is true. Transition zones are not difficult to find. Although 
calcific hone trabeculae do occur, it is move common that tlie “osseous’’ com- 
ponent re.semhles osteoid tissue. ( 'ytologically the osseous and cartilaginous 
areas apiiear malignant. This is apt to jn-ompt the diagnosis of o.stcogcnic 
.sarcoma of the breast. We do not deny the possible existence of a mc.sodermal 
tumor of the breast having a structure consistent with osteogenic sarcoma since 
soft pai'l sarcomas having these characters are well hnown to exist in other 
locations. It is felt, however, that the vast ma.iority of breast cancers with such 
structure are e.xamplos of extraordinary metaplasia in fundamentally epithelial 
tumors. If, in a given case, no traceable transitions from eiiithclium can be 
detected, this thesis cannot he supiiortcd in a convincing manner. Having seen 
a considerable number of cases in this category, the im])re.ssion has been 
gained that pathologists are so struck by the exotic as])cet jiresented that no 
great search for histogcnefic iihases is made. It is a hit more sensational to 
send forth a diagnosis of osteogenic .sarcoma of the breast than one of mammary 
carcinoma with o.sseous and cartilaginous metaplasia. The former has a motif of 
pleasurable astonishment while the latter is only prosaic. 

The therapeutic principles applicable to all infiltrating mammary car- 
cinomas are repeated here. 


Sqimnous Carcinoma . — ^Keference is made to a tumor of the breast proper 
and not to squamous carcinoma of overlying skin. It might be jireferablc to list 
ns tumor as infiltrating duct carcinoma with squamous metaplasia since the 
nller term i,s descriptive of its source of origin. Limited and unimpre-ssive 
areas of a few mammary duct cancers show the traits of squamous carcinoma 
nt usually they are imperfectly developed (Figs. 22 and 23). Cases in which 
le structure of squamous carcinoma predominates and those which show kera- 
0 lyaline granules, intercellular bridges, and epithelial pearls are a great rarity, 
too few to express practically in terms of per cent. Use of the term squamous 
caicinoma may be thought proper when there is a major degree of this sort of 
structure or when this is the sole structural form seen. As a compromise it is 
suggested that diagnosis in this grouji be recorded as infiltrating duct carcinoma 
growing partly (or largely) as siiuamous carcinoma. No ease has come to our 
attention of a primary tumor of this sort that was purely squamous. Invariabl.v 
mre have been areas showing tran.sition from duct carcinoma of not unusual 
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sort. Once in a great wliile, in a series of local recurrences, the structure in a 
biopsy may be solely that of squamous carcinoma. Tliis structural change has 
never been ti’aced in lobular carcinomas but it cannot be excluded as a theoretic 
possibility since acanthosis is a common variant in a great many carcinomas 
in widely divergent locations. On theory one may speculate on the possible 
existence of noninfiltrating squamous carcinoma of the brea.st. 

Fie. 21. 



Fie. 22. 


with cartila^Tinous and osseous metaplasia.. 
MfluXe -iuct carc.non,a erow.ne Partiy as ep.dermo.d caremoma. 
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phjllodcs jire }>rinc‘ip;il!y those of size — the size of flic tumors as a whole as 
well as tlie size of the individual inlracatialicular eomi)onen{s. Indeed, the 
initial publication on cystosareoma phyllodes by Johannes Jliiller referred 
to this tumor as iriant intraeanalicular fibroadenoma. Thus, M-hen one 
is confronted by a hupe encapsulated iunwr with {rigantiform intracana- 
licular projections, no uneorlainty exists as to the applicability of the term, 
cystosareoma phyllodes. These tumor’s, however, descend from this level of great 
mass until they are only a few eentimetere or lo.ss in diameter. The smaller 
tumors, neverl hele.ss. may present coarser than usual intraeanalicular protru- 
sions whoso connective ti.ssue ])oi-tions ai-e more cellular and whose overlying 
epithelium is more proliferative than that seen ordinarily in intraeanalicular 
fihronclenomn. The question of terminology is ju’ovolced and in this laboratory 
the term ‘‘miniature cystosareoma jdi.vllodcs" has been adopted. It is thought 
that this is more than a pui-e academic word problem sijiee the tumors have at 
least a limited capacity for recurrences and these can assume malignant form. 
An added feature is that they are likely to occur at an older age than is ex- 
pected for fibroadenomas in general, f'omjjaetl.v stated, the differences between 
intraeanalicular fibroadenoma and cystosareoma j>h.^Ilodcs concern size and cellu- 
larity. In pa.ssing it is mentioned that the term cysto.sareoma phyllodes without 
qualification .should not denote a malignant tumor. The term is in itself an 
unfortunate one. C'ertainly all giant intraeanalicular fibroadenomas are not 
malignant clinically or hi.sfologically and when the .s.tmon.vm c.vstosarcoma ph.vl- 
lodes is used it should imply a benign tumor unless further qualified as malig- 
nant or malignant variant. 

When a giant intraeanalicular fibroadenoma pa.sses into a malignant phase 
the change involves the connective tissue and not the epithelium in the great 
majority of cases (Fig. 24). Ob.servafion of a con.sidcrable number of tumors 
in an early phase of malignant tran.sformation is the basis for this belief. In 
the exceptional case both types of cells participate in the malignant process and 
it would be proper here to speak of tnie adcnosarcoma or carcinosarcoma, that 
is, adenosarcoma in the derivative sense. Supporting this view of histogenesis 
is the clinical behavior of the tumors. Those tumors gi'owing as spindle- and 
polyhedral-cell sarcoma customarily cause death resulting from bullcy lung 
metastases and do not yield axiliaiy node mctaslase.s. Cases that develop 
node meta.stai 5 es are those in which maliunant epithelial characters are demon- 


strated. 

A very small number of these tumors develop bizarre structural patterns 
which include those of squamous carcinoma and o.s1eogenic .sarcoma with forma- 


tion of atypical bone and cartilage. 

If a histologic diagnosis of the malignant phase of these tumors is made, 
there are certain therapeutic implications. If the tumor contains malignant 
epithelial cells, radical mastectomy is needed. If painstaking study reveals onb 
malimnant connective tissue cells, simple mastectomy may be employed, 
doubt exists on these points, as sometimes it does, the 2 -adieai procedure seems 
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tumor has oxleiulocl licyonrl its cajisuh*. roiifinomonl williiii the capsule is 
naturally a favorable factor but we have witnessed the developiueiit o£ lunp 
metastases when there was no deinonstriible iiiva.sioii of adjacent breast tissue, 
presumably the result of blood stream invasion within the body of the tumor. 

When the common intracanalicular tibroadenoma underoocs malignant change 
it usually docs so in a fashion conver.'jc to that usual in cystosarcoma pliyllodes. 
Hence it is the epithelial portion that is concerned rather than connective tissue 
esinpouent. This cannot be regarded as an invariable rule but is a major trend. 
Malignant fibroadenomas arc among the rarest of malignant neojilasins of the 
breast, somewhat less frequent than the malignant variant of cystosarcoma 
pliyllodes. It may be that malignant fibi’oadenomas arc commoner than can be 
demonstrated pathologically since a small fibi’oadenoma could become completely 
overgrown and obliterated by tlic malignant tumor cells. On the other hand, a 
carcinoma dcvcloiiing adjacent to a fibroadenoma can invade the substance of 
the benign tumor .so that a false imiiression of its origin in that location is ini' 
posed. Admittedly, the issue of origiii cannot be stati'd with certainty iji .some 
eases. 

If the malignant alteration of a fibroadenoma is met with in an early phase, 
confined to the lining epithelium, or at most not extending beyond the capsule, 
the disease can be controlled by local excision or simple ma.stectomy depending 
upon the extent of the change. With infiltration radical ma.stectomy become-s 
necessary. 

nlCFKKKN'CES 
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A TECHNIQUR FOR RADICAL 5L\STECT0JIY« 


C. D. IIaagrxsex, JI.D., New York, N. Y. 

fFrom the Department of Surgery of the Preshyterian Hospital, and the Laboratory of 
MSurgicol Pathology, Cohtmbia- University} 

OECAUSE radienl mastectomy is an extensive surgical procedure in which 
i-J a series of related regional dissections arc reciuired, it is only natural that 
many different techniques have been developed during the fifty years that 
the operation has been done. A number of these tcelmiques liave emphasized 
different skin incisions, and some surgeons plan their whole procedure in rela- 
tionship to the limitations of the skin incision. We believe that it is far more 
important to emphasize certain principles which are basic in the surgical attack 
of all malignant disease. Our purpose in describing another method for radical 
mastectomy is to strc.ss the importance of these principles and to illustrate 
hoAV they may bo applied at every stage of tliis complicated operation. 

The history of tlie development of the operation has been well described 
by Willy hleyer' and by Cooper® and the reader will find their papers well 
worth studying. Both Ilalsted and Willy hlej'er, who independently devised 
the modern opej’alion half a century ago, changed and improved their respec- 
tive techniques as time went on. The operation evolved in their hands until 
both operators emphasized four common principles: 


1. Excision of the skin over the whole Imeast, covering the defect 
which remained with a Thiersch graft 

2. Excision of both pectoral muscles 

3. Complete axillary dissection 

4. Removal of tlio excised tissues in one block. 

Since their day, improvements in anestliesia and in methods for the avoid- 
ance of shock have made extensive surgical dissections safer. It is today 
possible to cany out with a reasonable degree of safety an even more radical 
masteetomj’- than that which Halsted and Will}’- Meyer performed. In our 
own surgical attack on carcinoma of the breast we have followed the funda- 
mental principle that the disease, even when confined to operable limits, is 
such a formidable enem}^ that it is our duty to make our dissection as radical 
as possible. By this we mean that today we attempt to remove as much tissue 
from the chest wall and the axilla as we dare, without unreasonable danger 
to the patient’s life and interference wdth thoracic and arm function. J«st 
what these limits are we shall attempt to describe. We eschew at the outset 
all temptation to compromise with carcinoma of the breast by limiting our 
operation in any way or by doing simple mastectomy. In the face of the 
proved fact that carcinoma of the breast that has metastasized to the axilla 
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has been cured by radical mastectomy, the performance of simple mastectomy 
in a patient who can tolerate a radical operation is nothing less than surgical 
cowai'dice. 

A second fundamental principle which we cmpliasize in operating upon 
cancer of the breast is gentleness. IVe take great care not to press upon the 
tumor. We avoid traction on the breast. All of our manipulations are as 
gentle as possible. In our microsco])ic studies we have seen emboli of cancer 
cells in the IjTuphatics and in the peripheral sinuses of Ijunpli nodes often 
enough to be convinced that such emboli may be set free by rough operating 
and implanted in the Avound. 

Our own technique for radical mastectomy has been based upon the Hal- 
sted operation, but many of the details ai*e derived from the technique' of 
Dr. George H. Semken. His carefully planned and meticulous methods of 
surgical attach in several forms of cancer have been our inspiration for special 
emphasis on this form of surgery. We must acknowledge also our indebted- 
ness to Dr. Allen 0. Whipple for apprenticeship in sillc technique, which adds, 
we believe, to the delicacy and exactitude of radical mastectomj'. 

SELECTION OF THE PATIENT 

In a recent publication,® wc have dealt in some detail with the question 
of operability, presenting a series of criteria for selecting the operable cases. 
Within the limits of these criteria we believe that Avomen of all age groups 
with carcinoma of the breast, who are in good enough general condition to 
run the risk of major surgery, should be treated by radical mastectomy. With 
such a formidable disease as carcinoma of the breast there is little place for 
compromise. The operation must be done if the patient can stand it. With 
proper precautions to avoid shock aa'c have found that we can caiTy out our 
complete radical mastectomy AAuth safety upon AA'omen in their late seventies 
and upon Avomen Avith severe hypertension or diabetes. Patients with severe 
asthma or chronic bronchitis give us some trouble in the form of respiratory 
complications, but even AAuth these, operation is certainlj^ indicated. 

THE ANESTHESIA 

For the type of radical mastectomy which Ave perform aa'B need a method 
of anesthesia Avhieh will maintain the patient at a relatively superficial plane 
of anesthesia over a period of betAAmen fiAm and six hours of operating. Muscle 
relaxation is not required. We do not mind, in fact, if the patient stirs 
slightly noAv and then, for this assures us that she is lightly anesthesized. 
Prolonged deep anesthesia is shocking and hazardous. 

Avertin given bj^ rectum is the basic anesthetic AAhich in the past has best 
met our needs. It is important to precede the basic anesthesia by at least one 
hour with premedication AAdiicli Avill allay the patient’s apprehension. We give 10 
mg. of morphine and^0i^::^^^^se^pi^^ine. The avertin is ahvays supple- 
mented by nitrou&^^^-oi'^^^ilx^^ An^<^^^ditional doses of morphine given 
et intervals durj^^nie^ course of the^ppfc^bn. 
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e do not j^ivc avoiiin to jiatioiits with marked hyj)erteii.sion, because we 
feai tJiaf the slini’p tall in blood pressure which the drii" produces may cause 
cerebral injury. Wo do not use it wlien lliere i,s liepatic or renal damage 
because of the danger of iin])roppr olimination. Cyelopropane or ether is pref- 
erable ht both of thc.se fype.s of jwitient.s'. 

Recently we have been using with .satisfaction a combination of pentothal 
and nitrous oxide. Thi.s ano.sthe.sin has the advantage of avoiding the initial 
drop in blood prc.ssurc which is noted witli avertin. After pentothal, moreover, 
the patients waken more (piiekly and are able to take fluids .sooner. The total 
amonnf of pentothal shonhl be kej)t a.s low a.s ])os.sibIe. 


TiiK nosrnox ok the patient on the operating table 


There are certain detail.s regarding the position of the patient on the 
ojierafing tabic which arc worth mentioning. Both arms are outstretched. 
The skin of the one on the tumor .side is, of eour.se, prepared down to the 
elbow, and the wiiolc arm wrapped in .sterile towels so that its position can 
be ehanged without breaking it.s .sterility. It i.s then laid outstretched upon 
a narrow arm board. Tlte other arm is fastened down to an arm board, 
and is used for blood pre.ssnrc readings and for intravenoas medication. 

The operating fable is rai.scd high enough .so that when the operator .stands 
erect the operative field is at elbow level. ^Many an operator works with the 
fable too low. recpiiring him to bend over. His bead gets between his field 
and the overhead light, and in long operations, sneh as we are here describing, 
his back is strained. 

The operative tabic i.s tilled laterally, raising the side being operated upon 
about 30 degrees. Tliis make.s the lateral chest wall more accessible, and facil- 
itate.s the dissection of the lateral skin flap, Avhieh is the first .step in our 
operation. 

STEP 1. THE OiSSECTION OK THE SKIN FLAPS 


We begin by outlining the incision on the skin, using a steel pen and 
methylene blue for ink. The c.xtent of tlie skin excised varies with the 
position and .size of the tumor but it is governed by tAvo basic principles. 
We include the skin over the Avhole of the protuberant breast (Pig. 1). An 
additional area of skin is included if the tumor is excentrically situated. When 
it is in the upper outer .sector of tlie breast, for hisUmce, ^ve include an addi- 
tional area of skin over the anterior axillary fold. We try to place the line 
of skin incision at least four fingerbreadths, that i.s about 7 cm., beyond the 
edf^e of the palpable tumor. When the tumor is situated high in the upper 
outer sector this is .sometimes difficult to do for we must retain enough of a 
skin flap to cover the axillaiy ves.seLs, .so Ave place onr incision a little closer 
to the ed<^e of the tumor. Other situations of the tumor in the breast do not 
limit our "skin removal. Thus, for tumors of the lower inner sector we melude 
a cLiderable area of skin over the upper abdomen, extending sometimes 

the midliue or across it. 
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Wc do not plan Ihe cxlont of skin removal with any reference to closing 
the wound (with the single exce])tion mentioned of tumors high in the 
upper outer sector). We know that we can cover a defect of any size with a 
skin graft, so we sacrifice as much skin as we think desirable from the view- 
point of curing the carcinoma. The result has been that in every instance 
we have had a defect of varying .size loft when the fhips are finally aj^proxi- 
mated. Since we know at the outset that we are going to have to do a skin 
graft we are not tempted to skimp in the matter of sacrificing skin. 

The actual outline of the .skin incision is made by drawing a circle around 
the breast and the tumor. The circle is then transformed into a vertical inci- 
sion by pointing it below with a line drawn in the direction of the umbilicus 
and above with a line drawn a])pi'oximately in the strap line over tlic shoulder 
to a point slightly ccphalad to the clavicle. 



We formerly carried the upper end of the skin incision out onto the arm 
over the anterior aspect of the pectoral fold as in the original Halsted and in 
Willy Meyer’s modified (1898) technique. This makes the accurate dissection 
of axillary flap a little easier, but we have found that this extension onto the 
IS by no means necessary. If the incision is carried straight up along the 
strap-line high up on the shoulder, entirely adequate exposui-e of the axillary 
portion of the lateral flap can be obtained with a little careful retraction. The 
scar IS then hidden under the shoulder strap, and the patient can wear a sleeve- 
less dress or a bathing suit. 

The worst mistake that the surgeon can make, from the point of view of 
avm function, in planning the skin incision for radical mastectomy, is to carry 
fhe upper end of the incision into the axilla. A vertical band of scar tissue 
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across tlie axilla is the inevitable result, and am motion is restricted. WiUy 
IMeyer s original incision extended into the axilla, but he soon realized its 
disadvantage and changed it. 

Transverse incisions are to be avoided because they do not provide ade- 
quate exposure of the axilla. 

All types of incisions wliich involve the shifting of daps to cover the defect 
that remains vhen a wide removal of skin is carried out are impractical, 
because they do not do away wth the necessity for skin gi'afting some area 
and they further prolong an already lengthy operation. 

We dissect back the lateral skin flap first. The incision is made through 
the skin only, down to the superficial layer of the superficial fascia (Fig. 2). 
This fascia i.s delicate but distinct. Over the lower part of the chest wall it 
is considerably thicker than over the u])per part, but with careful hemostasis 
it can be identified all the way to the ui)pcr edge of the operative field at the 
level of the clavicle. Siiperficial to this fascia there is only the skin, with its 
dermal glands and small blood vessels. Beneath it lies breast tissue interspersed 
in a variable amount of fat. Close beneath the fascia lie the relatively large 
thin-walled superficial branches of the ])ei'forating vessels. They might be 
called the subfascial blood vessels. Accompanying these blood vessels are 
Ijunphatie ve.ssels, which drain the skin over the breast as well as the breast 
itself. 




It is important from the viewpoint of adequate cancer surgery to keep 
the plane of di.sseetion just superficial to this fascia. First, we wish to be 
certain that all breast tissue will be removed. We Imow fi’om our pathologic 
studies that carcinoma often extends wddely thi’oughout breast tissue and that 
not infrequently it is found as new and separate foci in remote parts of the 
breast. Bi’oast tissue extends far more widely over the chest wall than the 
protuberant breast itself. As a thin layer beneath the fascia which we have 
been describing, breast tissue may be found from tlie edge of the sternum 
around the chest wall very nearly to the latissimus dorsi muscle, and from 
just below the clavicle domi to the inframammaiy fold. It may extend high 
into the axilla. The surgeon must be certain of removing all breast tissue, 
and the %vay to do it is to dissect superficial to the fascia. Second, dissection 
in this plane will remove tlie lymphatics accompanying the subfascial blood 
vessels, one of the routes along which breast carcinoma spreads. 

From the viewpoint of surgical convenience also, it is %vise to dissect 
superficial to the fascia. In so doing, the troublesome subfascial vessels will 
not be cut and the flap can be dissected up leaving hardly any bleeding points 
on its surface. Good hemostasis makes the dissection more accurate as well 


as less shocking. 

It has been our custom to begin the dissection at the caudad end of the 
lateral flan and to work toward the cephalad end. The flap is retracted with 
liffht sharp single-pronged hooks which we have devised for this particular 
pSp« 4.y do lot injuro the ekin ae do the various types of compress.ve 
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or double-toollicd clamps usually employed. In order lo provide gentle coun- 
tertraction in a medial direction on the breast tissue and fat that is being 
dissected off the skin flap, a series of curved hemostats are placed along the 
lateral edge of the skin being removed with the breast, clamping the skin edge 
to a protecting towel which isolates it from the operative field. The handles 
of the hemostats are tied together in two groups and used as retractors (Fig. 
3). In this way rough handling of the tumor area itself is avoided. 



Pig- 2 Diagrammatic cross section through the breast to shoiv the level of dissection of 

the skin flaps. 

Along the eaudad portion of the lateral flap the dissection is carried down 
over the abdomen until a line about four fingerbreadths, or 7 cm , eaudad 
to the inframammary fold is reached. We assume this to be a safe distance 
from possible carcinoma and turn our plane of dissection directly in toward 
the body, incising the superficial fascia and exposing the deep fascia over the 
rectus and external oblique. This gives us what Semken has aptly called a 
red line at the edge of the dissection. It is a definitive guide to what is to be 
removed. Carried all around the edge of the operative field as the flaps are 
dissected back, it avoids confusion during later stages of the operation. 
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e do not remove the rectus* fascia except in ease-s where the tumor is 
situated in the lower lialf of tlie breast, iraiidley’s pathologic evidence^ of 
the penncatiou of this fascia with carcinoma was obtained from fai*-advaneed 
eases of the type which we would classify today as inoperable. 

The red line is carried laterally and eephalad along the base of the skin 
flap exposing the external oblique and the serratus anterior muscles, and 
finally reachiiig the edge of tbo lalissinins dorsi muscle near a point where it 
crosses the sixth digitation of the serratus. Tlie lateral edge of the lalissimus 
becomes a guide to the opci*ator as the di.sscction proceeds toward the axilla. 
Care must be taken not to Jose .sight of the muscle edge and not to dissect 
either too far medially into the dangerous carcinoma-containing axillary tissues 
or needlessly far laterally into the tissues over tlie dorsal aspect of the latis- 
simus. These errors are easily made, particularly in obo.se patients. 



Pig-. 3. — Beginning di«!SccUon of tiie lateral skin flap. 


At a point about three-quarteis of tlie way upward along the lateral flap 
diis dissection along the latissiniu.s is stopped. The eephalad portion of the 
ildn flap is then dissected up, baring the pectoralis major muscle. This leaves 
I bridge of axillary fat attached to the skin flap (Fig. 4). This tissue is dis- 
sected 'off of the axillary skin, leaving its apocrine glands exposed. These are 
seen as small reddish-brown foci of tissue, interspersed with the roots of hairs, 
Ivin" immediatelv beneath the skin over the center of the axilla. They are 
a cro'od "uide for the operator in this region, for unless they are exposed the 
skin flan is being out too thick. As a final step in the elevation of the lateral 
flan the dissection is carried eephalad along the white tendon of the latissimus, 

, tlif. ivfli'irr vein (Fig 5). In tliis dissection along the 

and then up across the axiilaij \ein vrig- 
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wliite tendon, carrying onr so-called red lino np across the axillary vein, Severn 
small inlorcostobrachial nerves and accoin])anying arl cries and veins whic' 
cross over the white tendon at right angles to it arc encountered. They mns 
be isolated, clamped, ent, and tied with care, otherwise the o])erativc fiel 
becomes soiled with blood and good eximsnro of the axillary vein become 
more difficult. 




Fig. ."i Dissection of the lateral skin flap completed. 
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The hemostasis along tlie whole length of the axillary flap is now carefully 
checked, and the flap is replaced against the chest wall so that it will not he 
angulatcd and its nutrition intci'fered with. It is covered with a moist towel. 
The breast is alloAved to fall laterally and the operating table is turned back 
to a level plane, preparatory to the dissection of the medial skin flap. 

The medial skin flap is dissected back with the same technic[ue used for 
the lateral flap. Again, it is convenient to begin at the eaudad end of the flap. 
The dissection crosses medially over the rectus fascia to reach tlje midline of 
the sternum. The red line at the periphery of the operative field is then 
carried upward along the midline to the inner end of the clavicle (Fig. 6). 



'he direction of dissection then turns laterally and follows the lower edge of 
le clavicle, encountering fibers of platysma coming down from the neck. 
Jong this clavicular line of dissection a number of small vessels crossing it 
t right angles require ligation. Wlien the dissection of this medial flap is 
completed a careful check of hemostasis is made, and it is laid back in place so 
that it will not be angulated and is covered with a moist towel. 

The skin flaps thus dissected up from the superficial layer of the super- 
ficial fascia and the breast tissue which lies beneath it are thinner than the 
flans that are cut in the usual radical mastectomy. Our flaps are only 3 or 4 
mm. tMek and coEsist of the skh. eovcod with only a delicate layer of to 
fat lotate Halsled, in hie otighml operation, dissected thus land of a flop 
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over tlie axilla, for he M'as a good gross pathologist and realized that a thick 
flap in this region implied dissection perilously close to axillary nodes. Else- 
where, however, his ilap.s were Ihiek, tlie incision being carried, in his omi 
words, “ “through the fai.” llis original illnslration (Fig. 7), which we have 
reproduced, shows the thin axillary flap turned bade, and the deep incision 
through the fat down to the muscle plane around the periphery of the opera- 
tive field. In defense of Ilalsted's technique it must be added that his exci- 
sion was a very wide one, leaving such a large defect on the chest wall that 
skin grafting was regularly required. 



Fig. 7. — The skin Caps as shown in Halsted’s original illustration. 

Most modern operators are much less radical. Their excision is so limited 
that the edges of the flaps can be brought together and the wound closed. 
Moreover, the usual practice is to cut thick flaps around the Avhole operative 
field, omitting even the dissection of the thin axillary flap that Halsted em- 
phasized. In Pig. 8, reproduced from an illustration of a contemporary 
operator’s technique, these thick flaps are shovni. The skin incision is carried 
almost directly doAvn through the fat and mammary tissue to the muscle plane, 
exposing the pectoralis major medially and the serratus muscle laterally. The 
flaps thus cut bear coarse lobules of fat and are several centimeters thick in 
Juost patients. Such flaps are easily and quickly made, while the dissection 
of our thin flaps is a tedious procedure, requiring between one and one-half 
hours and two hours. In our technique (Fig. 9) the pectoral and serratus 
aiuscles are not laid bare, except where our red line crosses them at the pe- 
riphery of the operative field. The line of dissection must be exact and the 
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The hemostasis along the whole length of the axillary flap is now carefullj' 
checked, and the flap is replaced against the chest walfso that it will not be 
angnlated and its nntrition interfered with. It is covered with a moist towel. 
Tlie breast is allo^ved to fall laterally and the operating table is turned back 
to a level plane, preparatory to the dissection of the medial skin flap. 

The medial skin flap is dissected back witli the same technique used for 
the lateral flap. Again, it is convenient to begin at tlm eaudad end of the flap. 
The dissection crosses medially over the rectus fascia to reach the midline of 
the sternum. The red line at the periphery of the operative field is then 
carried upward along Ihc midline to the inner end of the clavicle (Fig. 6). 



'he direction of dissection then turns laterally and follows the lower edge of 
be clavicle, encountering fibers of platysma coming down from the neck. 
Along this clavicular line of dissection a number of small vessels crossing it 
at right angles require ligation. When the dissection of this medial flap is 
completed a careful cheek of liemostasis is made, and it is laid back in place so 
that it will not be angnlated and is covered with a moist towel. 

The sldn flaps thus dissected up from the superficial layer of the super- 
ficial fascia and the breast tissue which lies beneath it are thinner than the 
flaps that are cut in the usual radical mastectomy. Our flaps are only 3 or 4 
mm thick and consist of the skin covered with only a deUcate layer of fee 
fat lobules. Halsted, in his original operation, dissected this kind of a flap 
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tissues must ho iiiuKllorl gently, othovwise the viiihility of tlie lla])s will he 
compromised, AVe think of this method of dissecting the skin flaps as the 
logical dcvelo])ment of Ilalsted's original plan. The ultimate value of the 
method will, of course, depend upon the demonstration of a decreased incidence 
of local recurrence. 

STEP 2. THE mSSlXTIOX OE THE PECTOUAEI.S MA.IOU EUOM TIIK AUM 

The dissection then goes forward at a deeper plane, and we hegin hy severing 
the atfacluueut of the pectoralis ma.ior to the arm. The surface of the pectoralis 
at the base of the lateral skin flap over the aimi is exposed. ^Yith the aid of 
lateral retraction on the flaj) the di.s.section is carried laterally, clearing the 
muscle surface until the ceidialic vein, separating the deltoid from the pectoralis, 
is identified and exposed. The vein is followed out along the deltoid-pectoral 
groove until the apex of the pectoralis at its attachment to the humerus is 
reached. The muscle is then cut across at a right angle to the direction of its 
fibers, close to its attachment. Only ahoxit a centimeter of muscle remains to 
form a stump which is not bulky and which contains hut two or three small 
vessels requiring clami)iug and tying. ^lost operators force a finger beneath 
the muscle and elevate it. before severing it. AYe do not find this necessary. 



Fig-. 10. — ‘Dissection of the pectoralis major from the ai’m. 


When its attachment to the humerus has been cut the pectoralis is dis- 
sected free from the deltoid along the cephalic vein and retracted medially, 
care being taken to clamp and tie the small branches emerging from the 
pectoralis to enter this Amin. The dissection brings the coracobrachialis and 
the deep pectoral fascia covering the deep structures of the axilla into vicAV 
(Pig. 10). The opei'ator may be tempted to save tlie clavicular portion of 
die pectoralis, splitting the muscle betAveen its pectoral and clavicular divisions, 
ns maneuver has tAvo disadvantages. The line of cleavage is a poor one and 
leeding is difficult to control. More important is the fact that leaving the 
caAicnlar portion of the muscle in situ hinders proper access to the apex of 
the axilla. 
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Tlicre are several atypical miiseles of tiie pectoral region, and it is perhaps 
worth wiiile mcniioning the one most frequently encountered and most likely 
to confuse the operator, the so-caJJod axillaryj pectoral muscle. EislcrV draw- 
ing of it is reproduced here (Fig. 11). As a shoi’t muscular band of varjdng 
thiclvness, it arches from the white tendon of the lalissimus dorsi up over the 
axillary vessels and nerves to join the tendon of tlic pectoralis major at its 
attacliment to the humerus. This muscle is well developed in the anthropoid 
apes and is present in about / ,7 per cent of human subjects of European stock. 
In the dissection that we are describing it must, of necessity, be severed. 



Ffgr. II. — .Vtj'pical axillarj' muscJes. 1, Axillary pectoral muscle: S, pectoralis quartus 
muscle ; 3, pectoralis major muscle, sternal portion ; !,> pectoralis major, clavicular portion ; 
5, latissimus dorsi muscle. (From Eisler.) 

STEP 3. THE DISSECTIOX OK THE PECTOBALIS MA.JOB FROM THE COAVICLE 

As the dissection of the pectoralis major away from the deltoid is carried 
medially along the cephalic vein to the apex of tlie triangle which the deltoid 
forms with the clavicle, the thoracoacromial vessels come into view. The pec- 
toral branches of the thoracoacromial artery, the accompanying veins, and the 
lateral anterior thoracic nerve pierce the deep pectoral fascia just above the 
medial, edge of the pectoralis minor, and stretch across the operative held to 
enter. the deep surface of the pectoralis major. They should be carefully 
isolated, clamped, cut, and tied. 

*• u 
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The pect oralis major is reti-aeled caiulncl oxiiosiiijr Iho doc?]) poet oral fascia. 
Beneath this .strong fascia lie the lu'otoralis minor, the axillary ve.ssels and 
nerves, and the lymi)hatics and lymi)h nodes in which we are ])articularly inter- 
ested. All of onr dissection at this stafie of the operation is carried out super- 
ficial to this fascia. 

The dissection is then carried medially, severin': the attachment of the 
pectoralis major to the clavicle by cut tin*: acro.ss its fibers ])arallel to and 
about 1 cm. below the lower cd<:c of the clavicle. Leaving a little of the muscle 
on the clavicle in this way makes it easier to clamp aiid tic the series of small 
vessels which are severed. The fii-st inters])ace is exposed, as the muscle is 
cut away from its oj'igin on the clavicle (Fig. 12). 



Pig. 12. — Dissection of the pectoralis major from the clavicle. 


STEP 4. THE DISSECTION OF THE PECTOBAUS MAJOR FROM THE CHEST WALL 

In this step the pectoralis major is severed from its broad origin from the 
sternum, ribs, and the fascia of the oblique muscle, allowing the whole operative 
specimen to fall laterallj' to the patient’s side. This can be the bloodiest 
and most shoeking part of the operation unless it is done with care and 

exactitude. 

The dissection is begun by clearing the first interspace down to the fascia 
over the intercostal muscles, at a point a little lateral to the medial end of the 
origin of pectoralis major along the clavicle which ivas severed in Step 3. 
The thick body of the pectoralis major muscle is then elevated from the second 
nb with a small retractor or with the finger, developing a plane of cleavage 
between this muscle and the thoracic cage. With the muscle thus slightly 
elevated and tensed its detachment from its broad origin from the inner end 
of the first interspace, the cartilage of the first rib, and the manubrium is 
egun. Several branches of the first perforating artery and vein will be en- 
countered as this broad muscle attachment is cut through. The first perfoi’ators 
lemselves usually come into view near the caiidad edge of the interspace, 
os thej arch up over the second costal cartilage. They should be carefully 
isolated, clamped, cut, and tied. A much smaller perforating vessel, the first 
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of a series of minor perforators \vhich emerge parallel to and at a point 3 or 
4 cm. laleral to tlie main perloi'ating vessels, slionld also l)e clamped, cut, 
and tied. Cv - • , ■ 

The dissection is then carried ■ candad, severing the peetoralis from its 
attachment to the slernnm and ribs, and identifying and clamping the per- 
forating vessels as they come into view. Their position in the lower inter- 
spaces is variable; sometimes they emerge jnst below and sometimes Just above 
a costal cartilage. The: intercostal spaces should be meticulously cleared of 
all fat and areolar tissue as the dissection proceeds (Fig. 13). As the thoracic 
cage is thus denuded it should be. covered with warm moist compresses or a 
towel in order to prevent drying of the ti.ssncs and consequent shock. The 
operative specimen is allowed to fall laterally and is similarly covered with a 
protecting towel. 



Fi^. 13. — Dissection of the peetoralis major from the chest wall. 


When the dissection of the peetoralis major from the chest wall has been 
Tried laterally to a point where the fan-shaped edge of the origin of pec- 
ralis minor comes into view, it should be discontinued. This is a convenient 
lint at which to pause and tie the many clamped vessels, getting rid of the 
ass of clamps that have accumulated as the chest wall has been cleared, 
.le peetoralis minor must now be dealt with in a separate step. 


STEP 5. SETORIXG THE ATTACHMENT OF THE PECTOKALIS MINOR 
An incision is made through the deep pectoral fascia along the lateral 
edge of the peetoralis minor muscle near its cephalad end where it becomes 
tendinous A finger or a smaU retractor is gently inserted beneath the muscle, 
from the -illarv .ein .nd the cords of the hr.ohial plcvos .h.cl. 

lie directly beneath it. 
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At this point in (he dissection it is desirable, to identify, eliunj), and cut 
a tiny muscular l)rancli of the thoracoacromial artery, and its accompanying 
vein, whieli usually enters the iiectoralis minor along its medial edge near its 
tendinous end. Although thc.se vc.sscls arc very small they bleed freely and 
obscure the operative field if they are lorn in the ])rocess of severing the minor. 

^Yitlv the muscle slightly elevated it is cut. across as high as is convenient, 
usually at a point about 2 cm. from its attachment to the coracoid process 
(Pig. 14). One or two small vessels arc .severed in its deeper muscular por- 
tion. These should be carefully clanpicd and tied. 



The minor is then turned back, exposing its deep surface and bai’ing the 
areolar tissue covering the axillary structures. Since our axillaiy dissection 
IS a separate and later step in our operation, we take care not to disturb these 
axillary structures at this stage. The vessels and nerves which emerge from 
the areolar tissue of the axilla and stretch across it to enter the deep aspect 
of the m^nor are clamped and cut close to the muscle. This frees the muscle 
so that it can be retracted laterally, giving access to its origin from the third, 
fourth, and fifth ribs. 

STEP 6. THE DISSECTION OF THE PECTOBxVLIS MINOR OFF THE CHEST WALL 

The pectoralis minor is cut from its origin from the ribs and from the 
aponeurosis covering the intercostal muscles, proceeding from the third to the 
fifth ribs. It has been found convenient to pick up the edge of the muscle 
ivith thumb forceps and to retract it away from the edge of each rib as its 
origins are severed. The pectoralis minor interdigitates witli the serratus 
anterior, and special attention is reuuircd to distinguish the deeper layers of 
the minor from the serratus digitations which lie beneath. 
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The pectoralis minor is allowed to fall laterally with the other tissues 
severed from the chest wall and the dissection is continued in that portion of 
the operative field just caudnd to the origin of the minor. In this region the 
dissection of the specimen off the chest wail should include the careful removal 
of the fascia over tlie digifations of the .serratus- {Fig. 1,5). Important lym- 
phatic trunks, which we will dcscrihe later, lie upon or within this fascia. 

This dissection is carried laterally aroiuid the chest wall, and the .specimen 
allowed to fall away to the patient's side, until the edge of the latissimus 
comes into view in the caudad i)art of the field. It is then desirable to suspend 
the dissection of the .sjmeimen off the chest wall, becan.se its detachment can 
be more conveniently comjdeted after the axilla ha.s been dissected. 



Fig. 15. — Dissection of tlie breast and pectoral muscles from the chest wail completed. 

Before going on to the next stage all clamped vessels on the thoracic wall 
should be tied, hemostasis checked, and the wliole area of denuded thorax 
carefully covered with moist compresses. 


STEP 7. THF, DISSECTION OF THE AXIEI.A 

The axilla now lies before the operator like an open book. When the arm lies 
beside the trunk the axilla may be thought of a.s a cleft between the shoulder 
.structure.s and the thoracic wall. When the arm is abducted at right angles 
to the trunk, however, as in radical mastectomy, the cleft becomes a tetraiiedral 
space, with its apex at the clavicle and its base at the pit of the axilla. The 
three'elongated triangular sides of this space are then formed by the shoulder 
structures cephalad, the chest wall eaudad, and the pectoral muscles ventrall.v. 
In the usual technique for radical ma.stectomy in which the axilla is dissected 
before the pectoral muscles and breast are removed from the chest wall, the 
sureeon's access to the axilla is not good because the stnietiires forming its 
ventral wall (the axillary prolongation of the breast and the fat usually foun 
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in this region, and the pectoral inuscles) constitute a bullcj’ mass which tends 
to slide down into tlic field of dissection in the axilla. In the technique for 
radical mastectomy which we arc here describing, this bulky mass of tissues 
is out of the operator’s way when he attacks the axilla, for with the dissection 
of the breast and i)ectoral muscles off the chest wall they have fallen away 
to the patient's side. Any .surgeon who has compared the ease of access to 
the axilla with these two different techni(iues will at once reali/.e the advantage, 
from this point of view, of our ])rocedure. Instead of having to di.sseet in 
the depths of a deej) nari'ow cleft, bothered by the need for constant retraction 
of the overlying tissues, the surgeon can woi’k at case without any retraction 
on a comparatively flattened field. 

The objection usually voiced against our techniciue of excising the breast 
and pectoral muscles from the chest wall before attacking th'e axilla is that 
it increases the chance of distant metastasis. We do not believe that this is 
the ease. The axillary route for metastasis, of courae, remains open during 
the period required to dissect the breast and ])octoral muscles from the chest 
wall, but we do this without any handling of the tumor itself and with only 
the gentlest kind of retraction on the muscles close to the ])oint at which they 
are cut from the chest wall. It should be emphasized, on the other hand, that 
in the usual technique for radical mastectomy in which the brea.st and the 
pectoral muscles are retracted medially as they are severed from the chest 
wall, strong traction on the specimen is required and a considerable degree of 
pressure is often exerted upon the tumor itself. Even though this takes place 
after the lymphatic pathway through the axilla has been severed we fear that 
it may squeeze tumor emboli into lympliatic tninks which still remain, such 
as those to the internal mammary chain of nodes. 

As another objection to our technique of excising the breast and pectoral 
inuscles from the chest wall before attacking the axilla, it has been asserted 
that we cut across the pathway of lymphatic drainage to the axilla in carrying 
out the first steps of our operation. A review of the anatomy of the lymphatics 
of the breast will show, however, that we do not disturb the main lymphatic 
pathway to the axilla, which is by way of lymphatic trunks which run laterally 
and upward from the breast to enter the central group of axillary lymph nodes. 
This pathway is beneath the deep pectoral fascia, which remains undisturbed 
bj^ the first steps of our operation. We unroof the axilla but we do not enter it. 

Because no adequate description of the anatomy of the lymphatics of the 
breast has been presented in English since Leaf^ included this information in 
his excellent little book Cancer of the Breast: Clinically Considered, printed 
ui 1912, it seems desirable to include such a description here. The best mono- 
graphs on the lymphatics are those of Bartels® and Kouviere® but they are not 
everjuvhere available. Tobias’^” translation of Eouviere’s work is unsatisfac- 
tory because of the poor quality of the illustrations. Oelsnei’^’ and Mornard^" 
made special studies of the breast lymphatics which are well worth reading. A 
thorough undei-standing of this anatomy is of fundamental importance to the 
surgeon attacking breast carcinoma. 
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^ The main collecting lymphatic vessels from the breast are two trunlvs 
which leave the suliareolar lymphatic plexus, one from its medial and one 
from its lateral side, and lun laterally directly to the central group of axillary 
lymph nodes or indirectly to the centi’a! nodes way of the external mammary 
or the paramammary nodes. 

There are, in addition, several accessory lympliatie pathwa 3 ^s from the 
breast as follows; 

1. The Transpecloral Patllwa 3 ^ The transpectoral lymphatics penetrate 
the pectoralis major along the course of tlic pectoral branches of the thora- 
coaeioniial aitci^, and enter the subclavicular group of nodes. Occasionally' 
intermediary lymph nodes are found along the.sc lymphatic vessels, the so-eaUed 
nodes of Rotter. 



2. The Retiopeetoral Pathway One or two lymphatic vessels may turn 
the outer edge of the pectoralis major and ascend either betw^een the two 
pectoral muscles or beneath the pectoralis minor, directly to the suhelavieular 
group of nodes. 

3. The Internal Mammary Pathway. A series of lymphatic vessels directed 
toward the midline drains the medial portion of the breast These vessels 
accompany the anterior perforating branches of the internal mammaiy blood 
vessels and pierce the intercostal spaces near the sternal border to reach the 
intemd mammary chain of nodes We are inciined to believe that this is an 
imuortant route of lymphatic drainage, because we see local recurrence ot 
carcinoma of the breast more frequently just at the sternal edge wheie these 
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lympliatics pierce the clicsl wall lhan aiinosl anywhere else. Wc have often 
noted that the superficial branches of the perforating blood vessels, the ones 
we have designated as the subfascial vessels, are enlarged at the intercostal 
level of the breast tumor. Presumably this hypertrophy is due to the increased 
demand that the tumor makes upon the circulatory system. It is not sur- 
prising that correspondingly hypertrophied lymphatic vessels may contain 
tumor emboli which lodge, for some reason, at the point where these Amssels 
pierce the chest wall, and subsequently become evident as local recurrence of 
the carcinoma at this point. 

In addition to the deeper lymphatic trunks which wc have been describ- 
ing, the breast is, of course, drained by regional out ancons lymphatics. These 
form a dense network in several planes over tlie center of the breast. The 
most superficial of these planes has been called tlie areolar plexus and cor- 
responds in po.sition to the dermal lymphatic plexus of the skin. The deeper 
plane is called the subareolar lymphatic plexus and corresponds to the sub- 
dermal lymphatic plexus of the skin. The collecting trunks from these lym- 
phatics of the skin over the breast converge toward the axiUa and empty into 
the central group of axillary lymph nodes. They also anastomose freely 
vith the cutaneous lymphatics of the adjacent skin over the upper abdomen, 
the neck, and, most important of all. over the opposite mammary region. This 
anastomosis of cutaneous lymphatics across the midline is the path by which 
carcinoma extends from one breast to the other. 

In passing, wc should point out that true metastatic involvement of the 
opposite breast is ordinarily seen only in the late stage of carcinoma of the 
breast. In most instances in wliich the opposite breast becomes involved, and 
the original disease is not far advanced, we believe that the carcinoma in the 
opposite breast is a new primary tumor. 

We have described elsewhere'’ tlie process by which carcinoma emboli lodge 
m the dermal or so-called areolar lymphatics, blockade the flow of lymph from 
the skin over the breast, and make it edematous. Wlien carcinoma emboli have 
reached this relatively superficial position the disease is far advanced and the 
chance of cure remote. 

Permeation of the cutaneous lymphatics giving the picture of carcinoma 
en cuirasse is the final stage in many instances. 

In these advanced cases, involvement of the lymphatics of the external 
intercostal muscles which terminate in the posterior intercostal nodes, and in 
those of the internal intercostal muscles wdiieli terminate in the internal mam- 
illary nodes, may occur. Under similar circumstances the lymphatics of the 
rectus sheath and rectus muscle provide a route for metastases to the trian- 
gular ligament and nodes at the liilum of the liver. These lymphatic routes 
and the variegated types of retrograde lymphatic permeation which occur in 
advanced carcinoma of the breast are not pertinent to our discussion of the 
techiiique of radical mastectomy, because the operation should not be done in 
advanced cases. 
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The lymph nodes wliich Ihe sm-gcon must attempt to excise en bloc in a 
ladical mastectomy number between thirty and forty in younger patients. In 
old ago their number may be considerably smaller and the bulk of lymphoid 
tissue greatly reduced by fatty replacement. Our drawing (Fig. 16) showing 
the position of those nodes has been adapted from Rouviere’s, and is semi- 
diagrammatic. 

There are five principal groups of nodes, as follows: 

1. The xVxillary Vein Group. The axillary nodes lie along the lateral por- 
tion of tlie axillary vein, usually on its eaudad aspect. 

2. The Scapular Group. The chain of scapular nodes lies along the sub- 
scapular blood vessels and extends from the lateral thoracic wall to the axil- 
lary vein. 

3. The External Slammaiy Group. The extenial mammary nodes lie along 
the medial wall of the axilla, outside of or in the fascia covering the digitations 
of the serratus anterior’ muscle. Tire chain exterrds from the sixth rib to the 
axillary vein, following the course of the lateral thoracic artery. 

4. The Central Group. The central group are the largest of the axillary 
nodes and they lie embedded in fat in the center of the axilla. They are the 
nodes most often palpable. They can be.st be felt by gentle palpation against 
the lateral tlioracic wall with the arm relaxed and adducted, for in this posi- 
tion the deep pectoral fascia is relaxed and the nodes lie against the chest wall. 


5. The Subclavieular Group. The subclavieular nodes lie at the apex of the 
axilla. They are often found as high as the surgeon can carry the dissection, at 
the point where the subclavian vein disappeai’s beneath the subelavius muscle. The 
collecting trunlvs from all of the other gi-oups of axillai’y nodes empty into these 
subclavieular nodes, and from the plexus of Ijunphatic vessels which connects them 
one with another, one or more large lymphatic trunks arise which pass upward 
beneatli the clavicle to empty into the junction of the jugular and subclavian 
.veins. These large trunks can be plainly seen at the ver 3 - apex of the axilla, 
especially where the nodes contain metastases and the lymphatic trunks are 
enlarged. 

All of the nodes that we ha\'e been describing lie beneath the deep pectoral 


fascia which encloses them together with the axillary blood vessels, nerves, con- 
nective tissue, and fat, within a delicate yet strong sheath. This fascia has been 
various^ called the suspensory' ligament of the axilla, the costocoracoid mem- 
brane, the clavicoraeoaxillary aponeurosis, etc. We have reproduced Eisler’s'® 
excellent drawing of it (Fig. 17). Whatever name is given to it, surgeons should 
reco<mize its importance as a guide in the dissection of the axilla. As Leaf has 
pointed out, this fascia gives coherence to the fat and lymph nodes of the axilla 
and makes their removal in one piece, together with all of the fascia, easier 


lan would otherwise be the case. 

The pectoralis minor, in its vertical course across the middle of the axilla, 
ies between two planes of the deep pectoral fa.scia. It is, therefore quite im- 
ossible to dissect the axiUa adequately without sacrificing this muscle. 
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Between the cranial edge of (he minor and the clavicle is an irregular four- 
sided space surrounded by bandlike thickenings of (he dec]) pectoral fascia. 
Thei’e is usually a central fossa ovalis in this sjtacc providing an ojiening in the 
fascia tiirough which (he anterior (Iioracie ve.ssels and the cephalic vein pass. 

Bet)veen the lateral edge of the pectoralis minor and the coi'acobraehialis 
muscle (here is a three-sided space covered by a i)articularly strong portion of 
the deep pectoral fascia. 



larpo deep pectoral fascia as shown after the pectoralis major has been to a 

2, pectoralis major, pectoralis minor, J, coraeobrachiaJis. 

We begin our dissection of the axilla by incising the deep pectoral fascia 
over the brachial plexus, parallel to and sliglitly cephalad to the axillary vein 
(^ig. 18 ). The fascia is picked up between smooth forceps held by the opera- 
tor and by his assistant, and incised with a sharp knife. All of our axillaiy 
dissection is done with smooth forceps and the knife. We never scrape the 
axillary contents out udth a gauze sponge over the finger as is the custom of 
some operatoi's; if the nodes contain metastascs this is a splendid way to im- 
plant carcinoma cells throughout the operative field and to insure local recur- 
rence. We use smooth rather than toothed forceps in our dissection because 
we fear that toothed instruments may piei'ce carcinomatous nodes and pick np 
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and reiniplaut cavcinonia cells. We take care, indeed,' to avoid grasping’ nodes 
even with smooth forceps. Very little traction is needed and usually it can be 
exerted through clamps on the specimen side of the vessels that are divided, 
The deep pectoral fascia liaving been incised above the vein, the fascia thus 
released and the fat and areolar tissue attached to it arc dissected caiidad, 
bringing the wall of the vein into view. Its ventral and caudad surfaces are 
meticulously cleared from the level of the thoracoacromial vessels laterally to the 
point where the vein crosses the tendon of the latissimus. The branches of the 
vein are isolated, clamped, cut, and tied as they arc encountered. They vary 
greatly in number and arrangement. Only one thing need he kept in mind: 
they' should all be sacrificed. The axillary vein occasionally divides into two 
main ti’unks. These, of coui'sc, should both be preserved. We have not found 
it necessary to .sacrifice tlie axillajy vein on account of the extent of the axillary 
metastases. Proper care in the selection of cases for operation will avoid the 
necessity for such a radical and futile step, for we are convinced that .such 
cases are incurable. 



Fig. 18. — Beginning the a-xiilary dissection. 


It is not necessary to dissect the fat and areolar tissue overlying the brachial 
plexus. The axillary lymph nodes are not found lydng eephalad to the axillary 
vein, except in the vicinity of the thoracoacromial vessels. We have occasionally 
found one or two nodes in this region and it is therefore our custom to clear the 
stumps of these vessels with care. 

A technical detail concerning the dissection of the axillary vein is worth 
mentioning. At a point from 1 to 3 cm. lateral to the thoracoaeiumial vessels 
beneath the portion of the vein uncovered hy the removal of the Peeto^is 
minor the vein is usually crossed obliquely by a small arteiy and nen'e (Fig. 

artery enters the deep surface of the pectoralis minor and sometimes 
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sends a branch onto the adjacent chest wall. Ils origin is hidden above and 
behind the vein whore the surgeon does j\ol sec it, hut it is from a common 
trunk with tlic thoraeoaci’omial axis in about onc-lialf of the anatomic subjects 
we have studied, and as a separate Imanch from the main artery, 3 or 2 cm. 
lateral to the thoracoacromial trunk, in the otlicr lialf of the subjects. It is not 
described in the anatomic texts which we liavc consulted, so that we have had 
to designate it simply as ihc artery to the pectoralis viinor. 

The nerve which accompanies it is the medial anterior thoracic nerve, which 
also supplies the pectoralis minor-. Both the artery and the nerve are elosel.y 
applied to the ventral surface of the vein in their oblique course across it, and 
it is from this fact that their importance to the surgeon arises. Since we strip 
the axillary vein clean we necessarily remove these two structui-cs which cross 
over it. A small vein is usually found emptying into the axillary vein just 
beneath the crossing artery. In isolating, clamping, and cutting the artery and 
nerve, care should be taken to identify and clamp this small venous branch 
before it is torn and the operative field soiled with blood. It is possible indeed 
to dissect the entire axilla without any loss of blood, the great advantage being 
that the surgeon can see all the time exactly what he is doing. 



Having cleared the ventral and caudad aspects of the axiUary vein, we 
turn our attention to the apex of the axilla. We dissect the fat and areolar tissue 
off the subclavian vein to the point where it crosses beneath the subclavius 
muscle. The reflection of the deep pectoral fascia onto the chest wall opposite 
this portion of the vein is then dissected away from the chest wall to the apex 
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of tlie axilla. The mass of fat ami areolar tissue thus mobilized in the cleft 
bet^^cen the chest wall and the vein eontain.s the highest axillary lymph nodes 
and the Ij mpliatic trunks that jiass upward beneath the clavicle to empty info 
the venous circulation. A clamp is placed across the apex of the mass as high 
as possible and it is cut across and ligated in order to avoid backflow of lymph 
into the wound and to secure the small blood vessels which are usually included 
within the clamped tis.sxie. A long mai’king tie is placed around the free end 
of the mass of apical tissue to orient the pathologist in his study of the specimen. 

In order to avoid injury to the long thoracic nerve during the next stage 
of the axillary dissection, it is now dc.sirablo to continue the dissection of the 
ti.ssues from the chest wall, already begun at the apex of the axilla. The sheet 
of fascia over the digitations of the serratus anterior is gently retracted lat- 
erally and di.s.secled off this mu.sele. The intorcostohumeral nerves .spanning the 
axilla transversely, and the lateral cutaneous branches of the intercostal nerves 
and their accompanying ve.ssols, are eneountcred and ligatured, as this dissection 
is carried doi’sally. In the depths of the cleft between the naked serratus digita- 
tions and the sheet of fascia refracted laterally, the long thoracic nerve of Bell 
finally comes into view. It lies in the fat just beneath the surface of the fascia 
(Fig. 20). An incision is made through the fascia along the lateral edge of the 
nerve and it is allowed to drop back medially out of the way of subsequent 
dissection, 

We return again to the axillary vein and complete its dissection, beginning 
at its medial end. The vein is lifted up vith a small vein retractor and its 
branches clamped, cut, and tied one by one as the di.s.seclion proceeds laterally. 
The mass of tissue between the vein and the chest wall is dissected downward 
and outward off the surface of the .subseapular muscle, leaving the long thoracic 
nerve as the only structure crossing the medial part of the axilla in a longitudinal 
direction. 

When the dissection of the tissues from the subscapular muscle reaches 
a point where the thoracodorsal nerve is encountered as it arches down from 
beneath the axillary vein to join tlie subscapular vessels, a decision has to be 
made whether to saciifiee or to preserve it. We have pointed out that this 
nerve, during the last 6 or S cm. of its couree before it enters the latissimus 
muscle, lies among the lymph nodes of the scapular group. In our opinion it is 
unreasonably hazardous to dissect the nerve oxit from among these lymph nodes 
if it seems likely that they contain metastases. If palpation of the axilla has 
suggested lymph node involvement or if, in the course of the axillary dissection 
up to this point, there has been any gross evidence of axillary' metastases, we 
sacrifice the thoraeodoi'sal nerve forthwith. The paralysis of the latissimus w'hieh 
results, with weakness of abduction and internal rotation of the arm, is not a 

serious handicap. 

If the ner^^e is preserv'ed it is drawn medially and dissected away from the 
subseapular vessels. 



iiAAr.KNSKN: TKcnxiQnr.roi! isAmcAi, jiastkctomy 


125 


The suhseapular vessels themselves are regularly saerifieecl in our technique. 
They are clamped, cut, and lied .iust heyond the point where the scapular cir- 
cumflex branches are given olT, usually 3 or 4 cm. from their origin. 

The axillary vein having been cleared all of the way out to the point 
where it crosses the ontcr edge of the latissimus dorsi muscle, the mass of 
axillary tissues, now freed from all of its medial and cei)halad connections, 
is dissected in a caudad direction down over the surface of the pyramidal 
muscle body formed by the subseapularis medially, and the teres major and 
the latissimus dorsi laterally. If the thoracodorsal nerve, as well as the sub- 
scapular vessels, has been sacrificed this part of the dissection is quickly done. 



Fisr. 20. — Dissecting the medial aspect of the axilla. 


The final , step in the axillary dissection is the excision of the specimen 
from along the groove between the chest wall and the latissimus dorsi, its only 
remaining attachment. This is carried out along a longitudinal plane and 
from the chest wall toward the latissimus as shovm by the arrows in Fig. 21. 
More ventrally the dissection along this plane had included the removal of 
the fascia over the serratus, but when, in this final stage, the dissection reaches 
the level of the long thoracic nerve as it lies upon the serratus fascia, the 
operator must take care to dissect moi’e superficially in order not to damage 
the nerve. 

When the medial aspect of the latissimus dorsi is reached the plane of 
dissection is turned laterally.^ A little outward traction on the specimen as 
It lies on the table at the patient ’s side enables the operator to roll, so to speak, 
the remaining tissues laterally over the latissimus dorsi. In this process the 
branches of the subscapular vessels which trfrn medialty to supply the chest 
wall opposite the apex of the subscapular and teres major muscle body, as 
well as those which enter the latissimus itself, are isolated, clamped, and ligated. 
These vessels are of considerable size, and the region has been aptly called the 
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•"bloody angle" of radical inasleetomy. With the teclmique which we have 
described lierc, however, there is no need of any hemorrhage, for the surgeon’s 
access is good and the vessels easily identified. 

^ To compleic the di.s.seelion, the specimen is cut free from the edge of the 
lati.ssimns dorsi. The operative field, a.s it appeans at the end of the dissection, 
JS shown in Fig. 22. 



.STEP 8. THE CLOSURE OP THE WOUND 

We carefully inspect the whole extent of the wound, to be sure that it is 
dry, for if it is to be closed without draining, as is our custom, hemostasis must 
be meticulous. 

■' The sldn flaps are then replaced on the chest wmll and sutured together 
at the upper and lower ends of the wound with interrapted sutures of B silh 
on fine straight needles. The suturing is carried only as far as the flaps will 
come together without excessive tension. By this we mean a degree of tension 
which will cause necrosis. Our flaps are so thin that the amount of tension 
required to damage them is not great. The operator has to learn by experience 
what is safe. Blanching of the skin of the flap beyond the suture is the best 
sign that too much tension has been used. 

A defect of varying size remains. This is rarely less tlian 12 cm. in 
diameter and is often considerably larger. The edges of the sldn flaps around 
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the defect are sutnvccl down (o the eliest wall with inlcrruplcd sutures of silk, 
their ends being left one inch long and laid out on the surface of the flaps so 
that they can be easily picked up from beneath the overlapping edges of the 
skin gi'aft when it is time to remove them. (Fig. 23). Tn suturing the edge of 
the latei'al flap to the chest wall to - 0101 x 0 the rcf|uircd even curve, it is often 
necessary to pucker the edge a little between the sutures, but this straightens 
out very well in the healing jiroccss. ■' ' ” 

The defect is covered with a Thicrsoli graft, which is usually taken from 
the outer surface of the thigh. Since it is quicker to cut the gi’aft by hand 
than with the dermatome we usually use the former method. If the operator 
is unable to cut, a large enough graft with the Blair knife to cover the defect 
in one piece he had best use the dermatome. The graft should overlap the 
edges of the flaps slightly, so that a continuous suture of silk can be placed 
through it around its edge, fastening it securely to the underlying flap edges. 
It is then covered with a. single layer of xcroform waxed gauze. 



No drain is used. We have found that if hemostasis is meticulous none 
IS required. In perhaps one-fifth of our patients a small accumulation of 
serum beneath the axillary end of the lateral flap results. One or two aspira- 
tions of the serum are required, but we regard this as a lesser evil than drain- 
age. The use of a drain favors infection in some degree at least, for it is a 
foreign body in the wound, and it provides a channel of communication between 
the wound and the outer world. 

STEP 9. THE DRESSING 

The application of the operative dressing is as important as the dissection 
dself, and must not be left to an assistant who is unfamiliar with its details. 
|lur aim is to apply pressure whicli will obliterate the dead space in the axilla, 
lold the graft in contact with the chest wall, and immobilize the arm, shoulder, 
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and chest as much as possible for fort.v-eight liours. We use fluffed gauze to 
obtain the pressure, packing it gently into the axilla in between the chest 
wall and the arm. and over the chest wall, until the surface is flat. We have 
fried other materials for this purpose but none equals fluffed gauze. The 
forearm is laid across the upper abdomen, encased in a tliick layer of cotton. 
Two six-inch ace bandages are then applied around (he chest and arm, and 
securely fa.stened with safety pins. 



SHOCK 

The experienced operator, working steadily and rapidly, can complete 
this operation in fii’e liours. A le.ss experienced surgeon will require an addi- 
tional hour. Unless precautions are taken to avoid it, shock will usually develop 
after this length of time. The most important of these precautions is careful 
hemostasis. After a little familiarity with the special anatomy of the region 
the surgeon can identify and clamp almost all of the vessels before cutting 
them. We use silk throughout the operation and it is our impression that its 
use favors good hemostasis. As compared with catgut, silk is a finer and more 
pliable ligature material, and the surgeon using it develops a sense of precision 
and delicacy which enables him to tie small vessels accurately. 

Gentle handling of the tissues is also important. The late George Crile 
put it well many years ago when he classified surgeons as the cainivorous type 
who stretch, tear,' and crush the tissues, and the herbivorous type who dissect 

gently. 
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In operations like tlie one wo liave been describing wliero a large area is 
demiclecl. drying of the tissues must be guarded agaijist. for it, loo, causes shock. 
We keep all of llie wound, except the small area in which we are dissecting, 
covered witli moist towels or eomi)ro.sses. It is not jjossihlo to indicate in the 
drawings, which we have included to illustrate tlie steps of our opci’ation, tlie 
degree to which we keej) tlie tissues covered. ])ut we Iiope the reader will under- 
stand that it is our constant care. 

It is usually desirable to guard against Die dcvcloj)mcnt of shock by giving 
an intravenous infusion of normal .saline .solution during the last part of the 
operation. One thousaiid cubic centimclei-s, run in .slowly, is ordinarily sxiffi- 
cient. If shock nevertheless devclo])s, we give whole blood promptly, but it 
is not often that it is needed. The blood ])re.ssuro, after its initial fall due to 
the depressive effect of the averlin, usually maintains a remarkably even level 
if the pi’ecautions which we have dc.scribed are followed. 

THE AETEKCAKIC 

Kest for the wound and early re.sumi)lion of fluid and food intake are 
the immediate objectives of the aftercare. Rest for a wound of tlie chest wall 
can be only relative, of course, because of the respiratory movement, but it 
is of benefit to keep the ])afient on her back without turning for the first forty- 
eight hours. This position is tedious, but since ive use morphine generously 
during this period, patients usually tolerate it. 

At the end of forty-eight hours we remove the ace bandages and the fluffed 
puze, but we do not disturb the xeroform gauze covering the skin graft. There 
IS no longer any need of a pressure dressing and we cover the wound merely 
with several layers of gauze fastened with a frame of adhesive around its edges. 

On the sixth or seventh day we take down the dressing completely for 
the first time, removing the sutures around the graft and trimming its over- 
lapping edge. It is wise to leave in place a few of the sutures which fix the 
flaps to the chest wall, as well as alternate ones along the suture line of the flaps, 
for a few additional days. 

Our patients are ordinarily out of bed on the seventh postoperative day 
3od home on the fourteenth day. The donor area on the thigh, also covered 
originally with xeroform gauze, is not ordinarily dressed until the day of dis- 
charge, when it will be found to be healed. 

Some special attention must be given to arm function. After the com- 
piession dressing has been removed and the arm freed forty-eight hours post- 
operatively, we urge the patient to use her arm for all its usual functions, 
such as eating and umitiiig, except those wliich require marked abduction. By 
the seventh or eighth day postoperatively tlie axillaiy flap is usually well 
adhered to the chest Avail and from tliat time on we ni’ge the patient to increase 
abduction gradually. During the month tlial follou’s, almost the full range 
uf arm motion should be regained. In achie\dng it. patients hai'^e to hear some 
iseomfort, but this is not gi'eater than most Avill tolerate. The objection occa- 
sionally raised that the Halsted operation cripples the arm is incorrect. Pa- 
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tients ■\\ho coopcrjitc nrc cvciituaiiy able to use tJie arm for everything from 
scrubbing floors to playing golf. Pig. 24 sho'w.s the absence of nny constricting 
band across the axilla in one of our own patients. 

Edema of the arm ha.s always been a hazard of radical mastectomy. We 
believe that its cause is probably a low-grade sclerosing infection in the axilla. 
Careful obliteration of the axillary dead .space, thus minimizing the aceumirla- 
tion of serum and the opportunity for infection, is the best jrreventive measure 
if this theory is correct. Our o\nr experience, at least, confirms it, for we have 
little troxrble with edema. A slight degree has developed occasionallj', but 
marked edema has been rare. 



Mg’. 24 . — motion folloTving radical mastectomy. 


The Halsted radical mastectomy has not achieved much popularity in this 
countin’, or indeed anywhere in the world, during the half century since the 
operation was first done. Its performance demands patience and fortitude, 
but we trust that surgeons do not avoid it on this account. It is our hope that 
the operation has not been popular because it has been but little known, and 
onr purpose in descrilring it here in detail has been to interest surgeons in it. 
Properly performed, the operation is safe, and gives a satisfactory functional 
result. And its truly radical character as compared with the usual so-ealled 
radical mastectomy gives an edge of advantage over tliat formidable opponent, 
mammary carcinoma. 
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THE TREAT]\IENT OP INOPERABLE CARCINOMA OP THE BREAST 

WITH IRRADIATION 

Charles L. Martin, M.D.,* Dallas, Texas 

OST expeileiiced radiotherapists are enthusiastic about the good results 
iVl obtained with radical surgeiy in early cancer of the breast, but less than 
one-fourth of the jiatienls entering cancer clinics today can hope for a surgical 
cure. This statement is well borne out bj* the carefully compiled statistics of 
Haagensen and Stout' who recently reported a .series of 1,040 patients with 
mammary cancer seen at the Presbjderian Hospital in New York from 1915 to 
1934 . Of this group 640 were treated by radical mastectomy and 231, or 22.2 
per cent of the total number, were classed as five-year clinical cure.s. This means 
that 809, or 77.8 per cent of the total number, finally .succumbed to the di.sea.se and 
required some form of palliative therapy during the final years of their Jives. 

Daland- has shown that the average duration of life in untreated cancer 
of the breast is 40.5 months from the time of observation of the fir.st sj'mptoms, 
while 40 per cent of the patients arc alive at the end of three yeans, 22 per cent 
at the end of five years, 9 per cent at the end of seven yeare, and 5 per cent at 
the end of ten years. These figures indicate that in actual practice the effort 
e.xpended in the care of incurable mammaiy cancer completely overshadows the 
purely surgical phase of the subject and yet the surgeons have written so pro- 
lifically about their side of the picture that the general physician who loses all 
interest when surgery fails is hardly to be blamed for his attitude. 

Certainly more should bo written about the palliative treatment of cancer, 
a field in which the radiologist now plays a major role. Pack^ has recently 
ciitieized the e.xistent attitude of both the laity and the profession toward this 
important subject. The properly treated patient with incurable cancer of the 
lii’cast often ha.s a life expectancy of from three to ten years, a great portion 
of w'hich may be lived in comfort. As Pack pointed out, the diagnosis of such 
incurable disea.ses as arteriosclerosis, chronic nephritis, diabetes mellitus, and 
eoronaiy disease is accepted with equanimity, fortitude, and^ optimism by 
most patients, %vhereas the term cancer tends to induce deep-urt^tal depression 
in both the patient and the attending physician. 


SEI>ECTION OF CASES 


Tumor clinics have found it e.xtremely difficult to formulate plans of proce- 
dure designed to give each cancer patient the best available treatment. Al- 
though radical mastectomies have been done for more than fifty years, scien- 
tifically sound indications for the operation have crystallized very slowly. Evei?' 
radiologist who has taken care of postoperative mammary cancer has been im- 
pressed with the obvious harm done by surgery in certain instances and Haagen- 
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sen and Stout have vcccnlly produced definite eonfiiTuatiou of this impression. 
Their studios liavc iirodueed data \viiieh now make it possiiilc for the pliysician 
to decide whctlier a patient with eareinoma of the lireast should he subjected to 
surgeiy or receive only palliative therajiy. They stated, '‘Women of all age 
groups M'ho arc in good enough geni'ral condition to run the ri.sk of major sur- 
gery should he treated hy radical mastectomy except as follows: (1) w'hen the 
carcinoma is one which developed during pregnancy or lactation; (2) when 
extensive edema of the skin over the hreast is present ; (3) when satellite nodules 
are present in the skin over the hreast; (4) when intercostal or parasternal 
tumor nodules arc present; (5) when there is edema of the arm; (6) when 
proved supraclavicular mctastascs are present; (7) when the carcinoma is the 
inflammatory type; (8) Avhen distant meta.stascs are demonstrated; (9) when 
any two or more of the following signs of locally advanced carcinoma are pres- 
ent: (a) ulceration of the skin; (h) edema of the .skin of limited extent (less 
than one-third of the skin over the hreast involved) ; (c) fixation of the tumor 
to the chest Avail; (d) axillary lymph nodes measuring 2.5 cm. or more in 
transA'erse diameter and proved to contain metastases hy hiopsy; (c) fixation of 
axillarj’ lymph nodes to the skin or the deep structures of the axilla and proved 
to contain metastases hy hiopsy.” 

METHODS OF TREATMENT 

In 1932 Adair^ summarized the various procedures used successfully in 
the palliative care of advanced cancer of the hreast. In addition to irradiation 
therapy he listed palliative surgery for the I’cmoval of sloughing, necrotic tissue, 
and local recurrences; electrocoagulation for the removal of small skin recur- 
rences; medication for anemia, anorexia, sleep, relief of pain, and hone repair; 
special surgical procedures for the relief of lymphedema of the arm; plaster of 
Paris jackets and casts for fractures, and cordotomy for the relief of severe 
pain. In addition to all of these things the cancer patient derives an unbe- 
lievable amount of good from a cheerful and hopeful attitude assumed by her 
physician Avhether he be a surgeon or a radiologist. The improvement in morale 
ecomes apparent eai-ly Avhen a woman Avho has been told that she has a hope- 
6SS condition enters a clinic Avhere numei'ous things are done for her hy a 
physician who inspires confidence. 

The radiologist has a number of helpful methods at his command. Al- 
ough some clinics use radon seeds for interstitial therapy, v'^e favor the Aveak 
J’adium needles advocated by Keynes.® These needles produce a minimum of 
s oughing and fibrosis and their careful use Avill often completely eradicate both 
primarj’^ and secondary malignant tumors in and about the breast. Although 
believe that they should be given preference over radical surgery 
en it can be done, they become wery useful in those cases in Avhich the more 
ical procedures are contraindicated. 

clinic, needles having active lengths of 2.0 and 4.0 cm. and Avail 
. '^iissses of 0.6 mm. of platinum are used. All of the needles contain approx- 
imately 0.6 mg. of radium per cm. of active length and they are placed approxi- 
mately i.Q cm. apart in laymrs Avithin or beneath the tumor to be treated for a 
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pei’iod of seven days. 7'he methods of implanting the needles and calculating 
dosage have been described in pi’evious articles,*’' ' Some have advocated the 
use of large numbers of these needles applied externally to the chest wall by 
means of a radioactive jacket, but tliis method is uneconomical and has been 
followed by rib damage in enough eases to render its value somewhat doubtful. 

RadiotherapistvS have attempted actually to cure malignant tumors of the 
breast irith x-rays for many years, using one technical variation after another. 
Althougli these tumors may paiiially or completely disappear, they are seldom 
permanently controlled when the doses used are safe for the normal tissues. 
Unfortunately, the fat overl 3 'ing and incorporated in the breast and the pul- 
monary structures l.ring immediately beneath it are seriously damaged by 
curative doses, partieularlj’ wlien areas large enough to include the original 
growth and its lymphatic extensions are irradiated. The alveolar structures 
in the lungs are especially seirsilive to x-rays and the type of damage produced 
has been carefulh' studied by Gi'oover, Christie, and Merritt,® McIntosh and 
Spitz,® Freid and Goldberg,’® Wairen and Spencer,” Jacobson,’® and Leach, 
PaiTow’, Foote, and Wawro.’® Even wdth a divided dose technique which tends 
to spai'e noimal structures, Leacli, Farrow, Foote, and Wawro observed many 
cases of pulmonarj’’ fibrosis in whicli the lung received approximately 5.0 T.E.D,, 
and in some instances tlie irradiation reaching the lung amounted to only 2.5 
T.E.D. Since 5.0 T.E.D. is well below the curative dose the limiting factor of 
pulmonary filirosis liecomes evident. 

In treating breast tumors the x-ray beams are alwaj's directed tangentially 
to the chest wall in an effort to diminish lung damage but efficient irradiation 
of the deep lymphatics of tlie cliest wall and axilla must include some of the 
pulmonary structures. 

A patient can survive even w'hen an entire lung is fibrosed, but elevation 
of the dosage above safe limits for the pulmonary stimctures frequently pro- 
duces a radiation osteitis in the ribs and pathologic fractures may occur. Paul 
and Pohle” have recently described fifteen such cases. 

Pulmonarj’^ fibrosis, severe skin reactions, and iiradiation osteitis produce 
very unpleasant symptoms. Palliative x-ra.v therapy sJiould, therefore, be given 
TOth techniques which reduce these sequelae to a minimum. 

In the beginning single massive doses of x-rays were administered to each 
area treated, and moderate voltage and filtration were used in an effort to 
deliver a relatively large dose to the chest wall and breast and a relatively small 
dose to the luiderlying lung. Large doses were delivered to breast tumors by 
crossfiring them through a number of areas. This method is still used at the 
Mayo Clinic, and MacCarty and Leddy’® report satisfactory regression of ulcer- 
ating carcinoma of the breast treated through four to six sectors at one sitting. 
The^f actors used are: 130 kv.; a target skin distance of 40 cm.; a tube current 
of 6 0 Ma.; a filter of 6.0 mm. of aluminum, and a dose per area of 500 to 600 
roent<rens ’ (AH x-ray doses noted in this paper are given in roentgens meas- 


ured in air.) 

Many, metastatic 
of fiOOwoentgens given 


lesions cannot be efSeiently erossfired and a single dose 
through one skin area is not large enough to produce the 
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best results. In 1932 Coutavd'“ first reported the French divided dose method 
in the American litoral nre. He sliowcd that doses larpe enough to damage 
cancer cells severely could he given safely through a single area when only a 
fraction of the total dose was given each day. Coutard originally treated car- 
cinoma of the larynx and pharynx situated several centimetets below the skin 
surface and it seemed logical to apjdy his technique to cancer of the breast 
located at a similar depth. In 1933 such a plan was adopted at the IMcmorial 
Hospital in Now York and in ]93;i some of the results were reported by Adair.’’ 
He observed a complete microscopic disa])pcarancc of carcinoma in 33 per cent 
of the breasts in which l.SOO roentgens were ap])licd to each of two portals 
laid out so as to crossfire the tumor, and a similar result in 22 per cent of the 
metastatic axillary lymjib nodes crossfired in the same manner through three 
portals. This work was done with 200 kv. equi])ment and each area received 
not more than 300 roentgens iier day. Adair did not use more than 1,800 
roentgens per area because his work was done on iiatients with operable cancer 
and he wished to keej) the normal tissues in good condition for operation. 

Patients with inoiierable cancer can be given larger doses and in our clinic 
15 cm. portals are treated with 2,100 to 2,400 roentgens at the rate of 300 
roentgens daily. Smaller areas may be treated even more intensively with safety. 

The value of castration in the care of advanced mammary cancer was firet 
established in 1896 when Bealsou’* reported im])roveinen1 following surgical 
removal of the ovaries in three cases. Other surgeons have reported improve- 
ment in approximately 2.1 per cent of the patients treated by surgical castration 
and Poveau de Courmclles'" described the first good results obtained with irra- 
diation castration in 1909. The method is most useful wlien bone metastases 
are present and should always be tried when a patient with inoiierable cancer 
has not reached the menopause. In our clinic the artificial menopause is pro- 
duced by applying COO roentgens to each of four 1.5 cm. portals, treating one 
area per day for four successive days. Two areas are laid out over the front 
nnd two over the back of the pelvis. The factors are : 200 kv., a target slrin 
distance of 50 cm., a tube current of 25 Ma., and a filter of 0.5 mm. of copper 
nnd 1.0 mm. of aluminum. The menopause should be fully established about six 
weeks after the completion of this therapy. 


IRRADIATION SICKNESS 

The administration of large doses of x-rays usually produces a syndrome 
r aractei'ized by anorexia, malaise, nausea, and vomiting. The severity of the 
sj'mptoms depends upon the size of the daily dose, the size of the area treated, 
and particularly upon the portion of the body irradiated. The most severe 
i*eactions are produced by treatment of the upper abdomen. Thirteen theories 
covering the mechanism producing this condition are listed in a previous article,-® 
lit the exact cause of the symptom complex is still poorly understood. 

Drugs capable of depressing the vomiting center are veiy helpful in re- 
eving the nausea and vomiting. In our early work we used chloral hydrate 
n sodium bromide with some success, but in more recent years the barbit- 
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urates have proved more valuable. Nembutal has been recommended by Richards 
and 1 eters"* and Popp,-- and a 3 gr. nembutal suppositoiy will vsiidlly pro- 
duce nmrked relief. The intravenous injection of .salt .solution and ghico.se ha.s 
also produced amelioration of the symptoms and the administration of one or 
two liters of 5 per cent glucose in a nonnal saline solution should be used when 
nausea and vomiting persist. 

I^Iany attempts have been made to perfect a preventive form of medica- 
tion which might be given the ambulatory patient before and during the period 
of irradiation. In 1933 DieteP" rejiortcd good re.sults obtained with liver 
e.xfraet and eb.ster*'' and 1 oung- ' .substantiated his findings, The.se repoi'ts 
pointed to vitamin imbalance as a po.ssible underlying cause of treatment sick- 
ness and a series of experiments-" carried out at the Baylor l\Iedical School 
in 1937 .seemed to indicate that animals could be partially protected against 
roentgen intoxication by vitamin Bj. After liying various combinations it i.s 
now our belief that the entire B complex gives .some protection against the 
milder forms of irradiation sieknc.ss and that it is belter than any one of its 
component pails. 


Before a long scries of x-ray treatments is started the jiatient is asked to 
take a cap.sule after each meal containing 1 mg. of thiamine chloride, 0.333 
mg. of riboflavin, 200 pg. of pyridoxine hydrochloride. 2.0 mg. of nicotinic 
acid, and 250 /xg. of pantothenic acid. When jio.ssible, a daily intramuseuiar 
injection of 1.0 e.e. of liver extract containing 2.0 U.S.P. units is also given. 
If the patient’s condition is poor or if nau.sea and vomiting appear, the oral 
vitamin therapy is replaced by a daily intravenous injection of 2.0 c.c. of a 
.solution containing 10 mg. of thiamine chloride, 4.0 mg. of riboflavin, 150 mg. 
of nicotinamide, 10 mg. of pyn'doxine hydroc-hloride, and 5 mg. of pantothenic 
acid. This type of medication not only offsets the effect of the irradiation 
but it tends to imj^rove the patient’s appetite and general health as well. 

The successful use of large doses of pyildoxine hydrochloride in controlling 
the nausea and vomiting of pregnancy was reported by Willis, Winn, Mori'is, 
Newsom, and Jlassey-' in 1942. This work, done at the Baylor iiledical School, 
has been siibtantiated by Weinstein, Jlitchell, and SustendaP® and suggests 
a specific effect of vitamin B« on nausea of toxic origin. We hope to have data 
in the near future on the iise of this drug in the treatment of irradiation 
sickness. 

LE.SIOX.S TREATED 


Lar&e Tumors in the Breast in Incurable Cases.-— When large masses of 
malignant tissue have become necrotic and are producing a foul odor, surgical 
resection offers quick symptomatic relief. However, these large tumors often 
show marked shrinkage following radiation. When an infected ulcer has 
anpeared in a laree tumor the use of activated zinc peroxide paste for several 
davs prior to iri-adiation is a lielpful procedure. The multiple single dose 
method given through four to six sectors i.s quite satisfactory but most rodi- 
olomsts prefer to crossfire the tumor through two or three portals, using 
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dividod-flose limfjt'Dtial locliiiiquo with 200 kv. (‘(luipnionl. Encli portal may 
be fjiveii 2.100 to 2,-100 voi'iiti'cns at tlio rate of 300 roonfjxens ])or day to 
each area. I'liis ty])(‘ of tlioraiiy produces a marked skin erythema in 
eight to ten days followed by desquamation and tanning. AYhen this reaction 
is at its height the patient complains of some burning and itching and obtains 
much relief from the free use of a wash containing 1.0 gr. of phenol, 2.0 di’. 
of glycerine, 4.0 dr. of zinc oxide, and (i.O ounces of limcwatcr. In certain 
locations portions of the treated skin may be temimrarily denuded. When 
the skin surface is lost the wash should be replaced by a soothing ointment. 
Boric acid or nupercainal ointment usually gives relief. Tumor regression 
becomes apparent in about, three weeks after the treatment is fini.shed and 
may continue for another three to six weeks. 


Involvcinait of ihc Skin. — This complication may manifest itself as a 
puckering of the .skin, a reddened thickened-area nodule formation, or cancer 
en cuirasse. As O’Erien"" has pointed out, the appearance of skin metastases 
IS almost always a very bad prognostic .sign and a cure is rarely obtained. 
Occasionally radical treatment of a small single recurrent nodule is successful 
but the common surgical practice of removing one recurrence after another 
from the skin and subcutaneous ti.ssues has little to commend it. Adair^® 
stated that since “surgery fails in a larger proportion than heavy irradiation. 
It IS best to treat a definite region of recurrence with a sufficiently large portal 
to more than cover it, employing about 200 r to 250 r daily, up to approxi- 
mately 4,000 r total.” Although he advocated a voltage of 200 kv.. Fried 
and Goldberg^' ixsed a somewhat lower dosage with low or intermediate voltage 
m an effort to spare the pulmonary tissues. We prefer implanted low intensity 
radium needles for such lesions because a curative dose can be safely adminis- 
tered without damaging the intrathoracie structures. 


When multiple nodules or cancer en cuirasse appear, no type of treat- 
ment will cure the patient and only palliative therapy is indicated. Prolonged 
improvement often follows the use of divided doses of x-raj's generated at 
0 kv. The entire anterior chest wall should be divided into 15 cm. squares, 
1)800 to 2,100 roentgens being administered to each at the rate of 300 roentgens 
per day. This therapy may be repeated after six to eight months, if necessary, 
end the skin lesions can in most instances be fairly well controlled imtil internal 
metastases appear. 


Parasternal masses which are attached to the chest wall and may or may 
not ulcerate through the skin may be completely eradicated with irradiation 
erapy. Adair reported ten such cases successfully treated with 15,000 me. hr., 
given by means of a radium pack and followed by a single massive dose of high 
in oge x-rays. AVe use weak radium needles for these lesions and all others 
v lere it is desirable to give a large dose to an accessible tumor. 

Metastases in Axillary Lymph Nodes . — Enlarged axillary glands contain- 
ing carcinoma are found following operation when the nodes apparently were 
no deep for complete extirpation and in advanced cases which are beyond 
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slugieal aid. A swollen avin on tlie affeelod side is often produced by the 
pressure of such glands on the return eii’culation. However, in some cases the 
b'rnphedema results from operative procedures or from the fibrosis produced 
by intensive in-adiation. 

For some reason which is not undex’stood, cancer cells growing in lymph 
nodes are more resistant to irradiation therapy than tlie malignant cells found 
in the primaiy tumor. Axillaiy fat stands heavy irradiation vciy poorly and 
although a combination of interstitial indium and a crossfire x-ray teclmique 
sometimes produces complete regi'cssion of cancer in axillary nodes, the result- 
ing reaction is not justified in incurable eases, When implanted radium 
needles or radon seeds arc used, great care must be exercised to .space the 
sources so that an exee.ssive dose will not reach the brachial plexus. Such a 
mishap produces intractable excruciating constant pain which is to l)e avoided 
even though the response to treatment is satisfactory. 

Dutiy and Lucas®- have estimated the dosage delivered to the depths of 
the axilla with extenial x-ray llierapy administered through two, three, four, 
and five portals. With 200 kv. equipment and three portals, the dose reach- 
ing the deeper glands amounts to 200 ))or cent of that given each area. 
Anterior and posterior portals measure 10 by 10 cm. and a third area on top 
of the shoulder measures 10 by S cm. Wlxen each portal receives a total of 
2.100 roentgens given by the divided-dose techniciue. the palliative re,sults are 
usually good and in some instances similar doses given to lii by 15 cm. areas 
laid out over the front and back of the axilla .suffice. 


Mciastascs in Supmclriricular Li/mph Nodes . — Careful palpation may 
reveal .small metastatic nodes just behind the inner end of the clavicle or just 
behind the mid-])orlion of the bone. Since this finding renders the patient 
incurable its detection is most impoidant. In later stages of the disease multiple 
glands appear extending from the mastoid to the cla\'icle. Deep-seated nodes 
below the mastoid may produce pain about the ear and edema of the face. 

Carcinomatous invasion of the brachial plexus constitutes one of the most 
difficult problems encountered. Pain in the arm is so intense that morphine 
does not give relief and the muscles of the hand show marked atrophy. The 
patient is thoroughly exhausted from loss of sleep and the condition is indeed 
pitiful. Irradiation produces no improvement and a high cordotomy offers 
the only hope of relief. 

Although Adair has reported the control of isolated supraclavicular nodes 
with very heroic external irradiation, his i-esults necessitated severe damage 
to the skin, subcutaneous tissues, and clavicle. In our experience single nodes 
are best treated with implanted radium needles of the Keynes type. Although 
the skin over the implanted area develops atrophy and telangiectasia, the 
damaged region is localized and produces no untoward symptoms. Supra- 
clavicular nodes have remained riuieseent for three to six years following 


is procedure. , j 

Lar-er areas must be treated with external irradiation and tlie neck does 
•t lend" itself well to a crossfire technique. For this reason the divided-dose 
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method must be used over single ])or(als. Tlic skin of the base of the neck 
is easily damaged with x-rays and the total dose used rarely exceeds 2,100 
roentgens. When this ty]ic of tlicrajiy is directed toward the midline, a rather 
severe reaction is produced in the mucosa of the esophagus. In six or seven 
days after the treatment is finished the patient complains of soreness and 
difficulty in swallowing, but these symiitoms subside after seven or eight days 
and no permanent injury results. It is sometimes necessary to use only soft 
and liquid food during the reaction stage and cold foods such as ice eream 
are well tolerated. Acetyl salic.Ylic acid or one of the nupercaine preparations 
aiay be dissolved in the mouth and swallowed slowly before each meal for 
relief of discomfort. 


Skcleial Mctasiascs. — Osseous mctastascs from mammary cancer may appear 
in practically every hone in the skeleton. Lenz and Freid®^ have made a 
painstaking study of eighty-one such cases. In only six did roentgenographic 
or clinical evidence of other mctastascs precede skeletal invasion. The regions 
most frequently involved were the pelvis, spine, and femur’s. The first symp- 
tonm were usually pain and pressure teirderness and in 75 per cent of these 
patients the examiner’s attention was drawn to the bone metastases because 
of the complaint of localized pain. Irr niire cases the complaint of pain pre- 
ceded the roentgenographic demonstration of the lesions by one-half to twelve 
months. Pathologic fracture was observed in twenty-one cases and this com- 
plication often occurred before the skeletal invasion became widespread. 

Irr the roentgenogram two types of metastases are observed. One, which 
is likely to become widespread, is characterized by a diffuse moth-eaten appear- 
ance, while in the other localized areas of complete bone destruction with 
sharply defined margins are seen. Many involved vertebral bodies collapse 
early producing various stages of kyphosis and in some instances a transverse 
myelitis from pressure on the spinal cord. 


The radiotherapist dealing wnth this complication is doubly blessed because 
he has at his command two methods of treatment capable of producing good 
lesults. It has been kno'wn for years that relatively small doses of x-rays 
elivered directly to bone metastases of mammary origin often relieve pain 
and may even produce a recalcification of the destroyed osseous stractures. 
n 1931 Daland®^ reported striking improAmment of generalized metastatic 
one lesions in a patient subjected to x-ray castration and in 1933 similar 
results were obtained in our clinic. In 1936 Dresser®^ published a careful 
study of thirty Avomen affilicted Avith skeletal metastases treated by x-ray castra- 
lon alone. Of this group 43.3 per cent obtained relief of pain, 30 per cent 
s lOAved regression of the lesions, and only 26.6 per cent shoAA^ed no response to 
eatment. No improvement AA^as observed folloAving ovarian irradiation in any 
woman past the menopause. In 1936 aa'c”® reported a small series of cases in 
^ methods Avere combined. In this experience very fcAv patients 

" 0 haAm not reached the menopause fail to obtain relief of pain from this plan 
° ^’[satment. The patient first receives four massive doses of x-rays over the 
PP 'is to produce an artificial menopause as preA’iously desci'ibed. Each metastatic 
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area is then crossfired throng]] two or more 15 by 15 ein. portals, a dose of 600 
roentgens being delivered to a single portal each day. This entire procedure can 
be carried out in a reasonable period of time even when multiple bone metastases 
are present. Helief of pain begins in two or three weeks after the series is 
finished and the maximum improvement appears in six to eight weeks. IMast 
patients treated in this manner show a gain in n-eight of fifteen to twenty 
pounds and a general improvement in their appearance which is most striking. 
Unfortunately, the good results are not permanent hut often last from one to 
three years. When hone pain reappears it can frequently he relieved a second 
time by repeating the local treatment. 

Pathologic fractures are serious complications but their treatment is not 
necessarily hopeless. In many instances healing occui's when the treatment 
detailed here is combined with immobilization usually produced by means of 
a plaster east. The x-i-ay therapy can he administered through windows cut 
in the east and good union has appeared after the completion of the irradiation 
therapy. Adair and Freid and Goldberg advocated the use of the divided- 
dose technique in such eases and gave as much as 1,800 roentgens per area. 
Even compression fractures of vertebral bodies may show a good response if 
a plaster jacket can be put on early while traction is applied. Adair reported 
a return of sphincter control in both the rectum and bladder following such 
treatment u.sed soon after the appearance of the symptoms of transverse myelitis. 

Brain Metastases . — Intracranial metastases from carcinoma of the breast 
are relatively common in the last stages of the di.sease. Freid and Goldberg 
observed clinical evidence of .such lesions in 20 per cent of 369 advanced cases. 
There was roentgenologic evidence of skull ijivasion in 61 per cent of this 
group, and direct e.xtension from the metastases in the calvarium was demon- 
strated at autopsy in seven case.s. Involvement of the pituitary occurred in 
four cases and of the pineal gland in two cases. Cerebral metastases found 
• at post-mortem examination in five cases produced no symptoms during life. 

■* When the pituitaiy lesions were large enougli to produce symptoms a tj’pical 
diabetes insipidus was produced. The longest sunfival period after the dis- 
covery of cerebral involvement was thirty-two months. Localizing signs ap- 
peared without increased intracranial pressure in twentjMiine patients and 
were accompanied by such an increase in tliirty patients. In nine the only 
sjTnptoms were those of gradually increasing pressure. In our practice we have 
obsen'ed sixth neiwe involvement as the first sign of brain invasion on so 
many occasions that we are constantly on the lookout for early strabismus. 

Some neitrological surgeons advocate the i-emoval of brain lesions when 
other parts of the body are relatively free of metastases. However, the pal- 
liative results with irradiation are usually so good that this radical procedure 
seems unjustified. Relief of sjTnptoins lasting from six months to two years 
has heen' observed and the treatment can oftentimes be successfully repeated. 

It is our custom to crossfire the aftected portion of tlie brain through two 
or three portals when localization is possible. In othej- cases the skull is treated 
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(hrougli four triangular portals covering the entire cranial vault. Each area 
receives a daily dose of 300 roentgens and a total do.se of 1,800 roentgens, 
but only one area is treated jier day. In some instances irradiation produces 
an increased intracranial pre.ssure suflicient to rcipiirc treatment but this com- 
plication is rarely troublesome. All of the hair falls out soon after the series 
is finished but it usually grows again after four to six months. In women 
an attempt is made to shield the top of the bead so that the hair remaining 
in this region can be made to cover the bald spots, but in the more advanced 
eases tliis is -not possible. Some patients wear wrap-around turbans with a 
small amount of hair attached to the edges so arranged as to conceal completely 
the absence of hair on the head. 

Spinal Cord Mciasiascs . — The symptoms of .spinal cord px'cssurc usually 
result from lesions growing from the vertebral bodies but occasionally the 
metastases are within the neural canal. In the scries studied by Freid and 
Goldberg, invasion of the dura occurred in four cases and of the cord itself 
m two cases. Treatment of the type used for brain metastases is frequently 
effective if it is applied before pei’manent damage occurs. The rays are 
directed at the cord lesion through two to four portals depending upon its 
depth below the surface. 

Mratlwracic Mc/flsfrtvsc.s. — Figures covering the incidence of intrathoracic 
Metastases in patients dying of mammary cancer, published by different pa- 
thologists, show a marked variation but the discovery of this complication in 
89 per cent of the post-mortem examinations reported by Freid and Goldberg 
indicates that a careful search will reveal some involvement of this region in 
almost every fatal case. The first extension may appear in the lungs, pleura. 
Mediastinal nodes, heart, or pericardium, but as tlie disease progresses two or 
More of these structures usually are invaded. Comliined invasion of the lungs, 
pleura, and mediastinal nodes is the commonest finding. 

Since early lesions are often asymptomatic, an x-ray examination of the 
chest is one of the first steps in the examination of every patient. The smaller 
Metastases, particularly those in lymph nodes, cannot be demonstrated and 
or that reason a routine roentgenogi’am of the chest should be made every 
two months. 

The findings in the lung fields are of three varieties. Rounded, sharply 
enned, translucent areas of increased density are pathognomonic. However, 
M some cases the metastases appear as irregular dense areas with poorly defined 
orders of the type seen with disseminated tuberculosis, w'hile in others a 
s randed invasive process extends into tlie lung fields from the lulus. Pleural 
Mvolvement produces all of the roentgen-ray signs observed with pleurises of 
M eetious origin and cannot be differentiated from them when the history is 

"ot available. 


_ The earliest symptom is a nonproductive cough. As the intrathoracic 
esions gro\v, dyspnea becomes a troublesome symptom and pain and tenderness 
M die chest usually indicate pleural invasion. Hoarseness from vocal cord 
P lalysis and swelling of the neck secondary to pressure on the superior vena 
<^c'a may follow enlargement of mediastinal lymph nodes. 



142 


SURGERY 


On the whole, the ti'eatmenl of intrathoracic lesions with roentgen rays 
is unsatisfactory. This is partially due to the fact that the patient, is' likely 
to be suffering from generalized carcinomatosis b.y the time • intrathoracic 
metastases are well established. A localized pleurisy sometimes regx'esses after 
intensive irradiation therapy. However, we have seen pleurisy with' effusion in 
cancer disappear without treatment and one cannot be certain that this com- 
plication is always of malignant, origin. In the absence of pulmonaiy lesions, 
a crossfire technique applied to a ]}Ieurisy at one base is justified. '■ 

Generalized pulmonary metastases should never be irradiated because of 
the serious chaiigcs produced in the lungs by efficient dosage. Occasionally 
it seems worth while to treat a single nodule when the patient is in good con- 
dition and other metastases ar*e not demonstrable, iloderate doses may also 
be directed at the mediastinum with some temporaiy suece.ss when pressure 
symptoms from enlarged glands produce severe distress. ■ ■ 

As a I'ule better palliative results are obtained when irradiation of the 
thorax is omitted. The cough and discomfort ai'e best controlled with mixtures 
containing codeine or morphine to which small amounts of one of the bar- 
biturates arc added. When ideural effusions appear paracentesis often relieves 
the resulting dysimca. 

Infrn-ahdomuujl .Ifrfa.sfa.scs. — Abdominal extension indicates a generalized 
dissemination of the disea.se in mammaiw carcinoma and no efficient method 
of retarding this dissemination is now available. Autopsy findings indicate 
that all of the viscera as well as the mesenteric and retroi)eritoneal lymph 
nodes and peritoneal surfaces may contain implants. Tlie organs most com- 
monly involved are the liver, adrenals, ovary, spleen, and kidney. 

In most advanced eases the liver contains one or more metastatic nodules 
and shows some degree of enlargement. The nodules may compi’ess the hepatic 
ducts and produce a marked .iaundice. These changes give rise to a chronic 
indigestion cliaracterized b\’ ejugastric fullness after eating, evmtations, nausea, 
and vomiting. Pci-sistent gastric symptoms in a patient with cancer of the 
bi’east always render the prognosis poor even though the liver is not palpable. 

Constant abdominal pain may be due to a large, tender liver, marked 
ascites, or enlarged para-aortic and mesenteric Ijmipli nodes. In some instances 
the pain resembles tliat produced by peptic ulcer or gastric cancer. The 
appearance of abdominal invasion is soon followed by wealniess, cachexia, loss 
of weight, and a great variety of lesser symptoms. 

Althougli some radiologists advocate in'adiation therapy over the abdomen. 


particirlarly wlien the liver is enlarged, we believe that tlie questionable improve- 
ment obtained in no way offsets the objectionable symptoms of irradiation 
siclmess which invariably follow this form of treatment. Patients with ab- 
dominal metastases are best handled by the internist wlio does an abdominal 
paracentesis when it is indicated and makes the victim’s last days as com- 
fortable as possible. . , 

The following case iiistories illustrate some of the points covered m urn 

naner and show that a patient may live for a number of years in relatnT 
comfort after the diagno.sis of incurable mammary cancer is made. 
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Case 1. — 10.115 a tumor was romovod from (lie rij^lil brcnst of JIr.«. F. C. B., who 
was then 15 ycar.s of ape. Tlio oporation was done by her liomc physician who told her 
that the tumor was not malignant. In October, 1011, she A’isited a clinic in another city 
where a radical rc.seclion of the right breast was carried out. Adenocarcinoma, grade III, 
was found in multiple nodules in the breast and in two axillary lymph nodes. She received 
postoperative .x-ray therapy over the chest and axilla in the same clinic. This treatment 
was repeated in 1015. 

In 1017 she retunied to the same clinic for surgical removal of a supraclavicular 
lymph node which contained adenocarcinoma. Following this operation x-ray therapy wn.s 
given over both .sides of the neck and the right axilla. 

In February, 1011, the same physician removed a gland measuring 2.0 cm. in diameter 
from the left axill.a and it. also contained adenocarcinoma. This oporation was followed by 
short series of x-ray treatments given in ^fareh, April, and .Inly in 10 11, and in November, 
1942. At her last visit for x-ray therapy she coinjdnined of loss of vision. She could only 
detect light with the right eye but could sco fairly well with the left eye. X-r.ay exam- 
inations of the skull, chest, and spine revc.nlcd no evidence of metnstases. 

She entered the clinic in January, 101.1, .iust ten years after the onset of her illness 
complaining of headache, nausea, vomiting, a staggering gait, and complete loss of vision 
m tlio right eye. Examination revealed a .small metastatic node in the left axilla but no 
other extern.al evidence of carcinoma. Itoentgenoginms of the skull, chest, and spine 
revealed no evidence of metastasos. 

From .Tan. 23, 1943, to Feb. 12, 1043, she received a daily dose of 315 roentgens 
delivered to three 10 by 15 cm. portals laid out over the occipital and both parietal regions. 
The areas were treated in rotation until each one received 1,800 roentgens and only one 
area was treated each day. The factors used wore: 220 kv. ; 20 Mn. ; a t.arget skin distance 
of 50 cm.; and a fdter of 0.8 mm. of tin, 0.25 mm. of copper, .and 1.0 mm. of aluminum. 

She improved slowly and on ^larch 30, 1943, was free of headache and vomiting and 
could walk without difficulty. The vision did not improve in the right eye. Prom March 
30, 1943, to April 0, 1043, a total of 1,800 roentgens was administered to the left axilla 
using the same factors. 

On Dee. 15, 1943, she returned complaining of pain in the right lumbar region, hip, 
and leg. Although x-ray examination showed no bone metastasos, castration seemed to be 
indicated. On four successive days she was given COO roentgens to each of four 15 by 15 
cm. portals laid out over the front and back of the pelvis. The treatment factors were 
200 kv., 25 Ma., a target skin distance of 50 cm., and a filter of 0.5 mm. of copper and 
1.0 mm. of aluminum. 

On Jan. 19, 1944, the pain in the lower back was much better but the patient com- 
P ained of pain in the left shoulder and arm and weakness of the left hand. No evidence 
u metastases in the cervical spine was revealed by x-ray examination. However, single 
OSes of 600 roentgens were given to 10 by 15 cm. portals over both sides of the neck and 
e anterior and posterior aspects of the left shoulder, using the same factors as at the 
last visit. 


On March 15, 1944, the pain in the shoulder and arm was completely relieved and 
® e had no new sj^mptoms referable to the brain lesion except slight dimness of vision in 
e left eye. She also complained of some pain in the calf of the right leg. Single doses 

of 600 


roentgens were delivered to 15 by 15 em. portals over the anterior and posterior 
aspects of the right lumbar region and total doses of 1,800 roentgens were given to the 
ateral aspects of the skull through 15 by 15 cm. portals at the rate of 300 roentgens per 
ay using the factors originally employed in treating the head. 

M'hen she left the hospital on March 30, 1944, she was free of pain and the vision 
'n t le loft eye was improving. 


Comment. — The progress of this patient illustrates the futility of repeated 
surgical removal of lymph nodes in an incurable case. The pain in the cervical 
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and Junibar rcfiions may have been prodneed ])y bone melaslaaes. In some 
insfanccs pain apj)e<'H’s months before bone ehanf>;c.s can be demonstrated roent- 
genographieallv. This patient, is ratlier remarkable in that she is alive with 
metastases and in fairly good condition eleven years after the appearance of 
an actively growing carcinoma of the breast. 

C.\SE 2. Mr;;. P. P. entered the clinic in !Mny, 1042, when .'flie was 4.5 years of age. 
A hard tumor filled the outer half of the right breast and the overlying skin had an orange- 
peel appearance. Several .small gland.s were felt high in the right axilla and two similar 
node.s measuring 1.0 cm. in diameter were felt above the mid-portion of the right clavicle. 
Bocntgcnographic examination revo.aled no evidence of intrafhoracic metastase,«. A clinical 
diagnosis of inoperable carcinoma of tlie breast wa.s made without micro.scopic confirmation. 

X-ray therapy was administered over three areas. The breast was crossfired through 
two 15 by 20 cm. portals. The lateral portal included the axilla. A 15 by 15 cm. portal 
included the right neck above the el.'iviclc. Ikiily treatments of .100 roentgens were given 
to single areas in rotation until each one had received a total of 2,100 roentgens. The 
treatment factors were 200 kv., 15 Ma,, a target skin distance of 50 cm., and a filter of 
0 4 mm. of tin, 0.25 mm. of copper, and 1.0 mm. of aluminum. 

When the patient returned six weeks later the tumor in the breast was much smaller, 
the axillary nodes were just palpable, and the supracliivicular nodes could not be felt. The 
treated areas .showed a marked tan and some desquamation. 

In September, 1942, .she developed a hacking cough with discomfort in the right chest. 

A roentgenogram revealed a .small pleural effusion at the right base. The chest was strapped 
and she was given sedatives but no irradiation was administered. Slie returned six weeks 
later entirely free of symptoms and a roentgenogram showed no evidence of the pleurisy 
which .apparently had an infectious etiology. At tlint visit the right breast was still some- 
what enlarged and a deep ma.s.s of fibrosis was felt at the site of the tumor. 

In October, she discovered a movable .subcutaneous nodule measuring 0.5 cm. 

in diameter on the inner aspect of the right arm just above the elbow. A single dose of 
640 roentgens was given to a 15 by 15 cm. portal centered over the nodule. The treatment 
factors were 200 kv., 15 ila., a target skin distance of 50 cm., and a. filter of 0.3 mm. of 
copper and 1.0 mm. of aluminum. In January, 1944, the subcutaneous nodule had dis- 
appeared and she felt perfectly well. The findings in the breast were unchanged and no 
other evidence of metastases could be found. 


Commeixi . — This patient, wlio iuidouI)tedIy iiad an inoperable carcinoma 
of the breast, iias remained symptom free except for a short attack of pleurisy 
for two years with x-ray therapy alone. A positive diagnosis could have been 
made from a supraclavicular node and perhaps one sliould have been removed 
for biopsy. Irradiation would have received false credit for relieving a 
malignant pleurisy if it bad been used when the pleural complication occurred. 


Case 3.— Mrs. S. B. entered the clinic in October, 1935, when she was 54 years of 
age A physician in a small town had just removed a rather large tumor from the right 
axilla and a reliable pathologist reported it to be an adenocarcinoma, grade III. About 
nineteen months prior to this operation a portion of the right breast had been removed 
vrithout an axillary dissection by the same physician. At the time of admission sie Tvas 
symptom free and no evidence of metastases could be made out either by palpation or -x-ray 


jsaminMion. 300 roentgens daily over a 15 by 15 cm. axillary port until 2,700 roent- 

Sa Tl» fettn, .e.. 2=0 =0 H.., a t.rge. -*• 

distance of 50 cm., and a filter of 20 mm. of copper and 1.0 mm. of aluminum. 
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Slic did -wdl until Xovoinltcr. 1028, wlipn slio n'tiinu’d with ii lisird, lliif tumor incas- 
tiring 4.0 rni. in dinuictor in tlm tnid-porlion of tlic rcnmindcr of (iic riglit breast. 'Die 
overh’ing skin bad an oranpe-peel appearance. The tumor wa.s cro.^sfired tbroiigb two 15 
bv 1.) cm. jioital.s at the rale of ,'!0f) roenipeiis jier jiorlal per day until each area had 
received 2,100 rocnlgens. The trealineiil farlor.s were 220 kv., 20 Ma., a (argel skin distance 
of 50 cm., and a filter of O.S iiini. of tin, 0.25 mm. of copper, and 1.0 iiiiii. of aluininum. 

Tlie tumor in the riplit breast melted away but in Afay, lO.'lO, llio patient returned 
with a diffuse swelling of the left breast, the skin of whicli showed an orange-peel appear- 
ance, and a gland measuring .1.5 cm. in diameter in the left axilla. 'Die loft breast was 
cro.=sfirod through two 15 by 20 cm. iiorlals. Tlic lateral portal ineludcd the axilla .and 
the dosage was exactly the same as that given to the right breast at the previous visit. 

All evidence of the disease melted away and .she remained well unil Alay, 1041, when 
she refunicd with a hard, fixed tumor measuring 2.5 cm. in diameter, growing from the 
left chest wall just below the inner end of the clavicle, llocntgcnograms of the chest wall 
and lung fields showed no metastases. A dose of 2,100 roentgens was given to a 15 by 15 
cm. portal centered over this tumor at the rate of 300 roentgens per day. The tumor dis- 
appeared and in Juno, 1042, a similar .series of treatments was given over the right neck 
because a few enlarged glands had appeared in this region. 

In September, 1042, she returned to the clinic looking ill for the first time and com- 
plaining of hoarseness and weakness. A roentgenogram of tlic chest revealed some widen- 
ing of the aortic arch and a few questionable enlarged mediastinal glands. The tumor in 
the right breast Iind recurred .and measured 5.0 cm. in diameter. Because of her rather 
poor condition only a short series of massive doses was given. Four 15 by 15 cm. portals 
laid out over the mediastinum received COO roentgens on successive days and the breast 
tumor was crossfired througli two areas of similar size witli the same dosage. 

In December, 1942, .she wrote that she had received some benefit from the last treat- 
nient and was moving to .another city where she would be under the care of another 

radiologist. 


Comment . — It is unnecessaiy to point ont the fact tliat this patient’s life 
onght have been sailed by radical surgery at the time of tire first operation. 
However, palliative tlierapy gave lier seven year.s of relative comfort during 
Dost of w’hich time she led a normal life. 


Case 4. — Mrs. T. L. F., 45 years of age, entered our clinic in December, 1940, because 
of a large, foul-smelling, painful mass which filled the left axilla. Three years previous to 
a mission she had consulted a cancer "quack” who applied a caustic paste repeatedly to 
a umor of the left breast for a period of four weeks. Slie stated that the treatment was 
extremely painful. However, after a period of four months the slough separated and the 
resu ting wound healed, leaving a very large scar on the chest wall. About eighteen months 
O' er the tumor began to grow again and extended up into the axilla. Although she was 
ogain treated with caustic paste the new lesion did not improve. 


At admission the axilla was filled with a black mass of necrotic tissue. When it was 
away a deep ulcer lined with bleeding, friable tissue and measuring S.O cm. in diameter 
seen m the axillary fossa. Specimens of this tissue were reported as carcinoma simplex, 
w^ ^ ®®®^^S®oograms of the chest revealed no evidence of metastases. The wound 
whl with activated zinc peroxide for twenty-four iiours and thoroughly cleansed 

■ * ' ''I'^^ogen peroxide. A group of fourteen long platinum radium needles, each contain- 
J'g .4 nig. of radium in 4.0 cm. of active length, were then inserted into the axilla in a 
'^a pattern so as to surround. the malignant ulcer and left in place for seven days. 

of six weeks she was much more comfortable and the ulcer was about one- 
co Irl'i^ former size. Its surface was clean and no definite evidence of malignant tissue 
0 seen. However, when she returned four months later the ulcer was still present 
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and active inalipiant fi^s^o found at its cdfies. RIi.‘ was tlien referred to a surwon 
wl)o found It po«s!l)le to do a resection of flip axillary (issues an<I scar on the cliest wall. Healing 

was uneventful and this patient Iia.« remained well for tliree and ono-ltalf rears .since the date 
of admission. 


Comment. Tln.s iinforlmiale woman conic! nncloubledly liave been cured 
by radical .surjjery done when the tumor fnest aiipeared. Certainly .site could 
hate been saved a frreat deal of suffering, Jn the opinion of our surgical con- 
sultant. an operation would liave been liazardons when .she was first .seen, 
nhereas it was carried out with ease after the wound was cleaned tip with 
irradiation. 


Case Mrs. f!. ,T., 4." year." of age, entered flie clinic; on July 0, ttlfo, becau.^e of 
niarlccd swelling and pain in the rigid arm. About two years previous to admi.s.sion a radical 
resectiejn of the right breast was clone in a .Muall town for a proved carcinoma and she was 
given some form of x-rccy therapy for a pcriocl of four weeks in another city. One year 
later .a number of recurrent skin nodules were re.nioved surgically. They rapidly reappeared 
and the .surgeon then removed a large portion of the involved skin and applied a graft. 
Soon afterward tlio arm began to .sivell. 

At tbe time of adnii.ssion an indurated mas.« of tumor tis.sue extended from the anterior 
right eiicst wall well up into the axilla and the right arm wa.s markedly swollen so that its 
function was alrno.st completely aholi.slied. Three enlarged lymph nodes measuring 1.0 cm. 
in diameter were felt above the mid-portion of the right clavicle. Hoenfgenogrnms of the 
chest revealed no evidence of motastases. Portals measuring 35 by 35 cm. laid out over 
the anterior and po-'-tcrior aspects of the rigiit axilla and over the right side of the neck 
each received total doses of 2,100 roentgens at the rate of .^00 roentgens per day. The 
treatments were given on successive days and on!}' one area was treated each day. The 
treatment factors tvcrc 200 kv., 35 Ma., a target skin distance of 50 cm., and a filter of 
0.4 mm. of tin, 1.0 mm. of copper, and I.O mm. of nluminuni. Since thi.s patient was still 
inen.struating, a castratiem close was then given through four portals using the method 
previously described. 

She .showed steady improvement and at the end of t;vo months was free of pain and 
had gained ten pounds. At tiiat time the swelling in tiie ami was much reduced. At the 
end of ten months the general condition wa.s excellent. The arm was .still slightly swollen 
but ."be could use it freely. A few small nodules could still be palpated in tlie right a.villa 
and the supraclavicular nodes were just palpable. 


Comment . — This ea.se shows the futility of attempting to control multiple 
skin recurrences with radical surgery. It also illustrates the value of irradia- 
tion in the treatment of a swollen arm produced by malignant invasion of 
the axilla. 


P. B,, .10 years of age, entered tbe clinic in 30.31 in a semiliystericai 
state after being told by leer pliysici.an that she had only two months to live and that she 
might* break one of her bones at' any time. A radical resection of tbe left breast had been 
done for carcinoma in 3929. About one and one-half years later she began to lose weight 
and to complain of indigestion and pain in the chest. She went to a large clinic where 
X rav examination revealed meta.stases in two thoracic vertebrae, several nbs, one clavicle, 


and both scapulae. 

At the time of admission .she was moaning with pain Both arms were locked about 
1 ipir. which were drawn up under her chin and she could not be relaxed liecause of a 
her kg- lettinir her legs down might produce a fracture. After the adminis- 
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(lo'cs of x-rn^‘- woro )ii\on tui-r llio on fmii '•uoi'C'-'-ivo diiy.'- oiul .‘'iiifjlo nuihiivo /lo'-os 

«prp f;i\pn o\pr p:ip1i portion of ilio vlu'li'lon in wiiioli iiip|:i‘<tii'- 0 ‘- \\or(' (Ipiiiomtialod. 

Tlip larpp do'-p' of inoipliim' wliicli .-lio litol Ih’oii loKiiitJ «oh' rapidly rodupo 1 and at 
the end of throe npoh"- thi'- dnit: was coinplotoly withdrawn. She was told daily that the 
information ohtainod fioin her forinor jthy.sioinn was inoorioot and that her outlook was good. 

At the ond of .siv \\(>ohs ,sho was almost fu’O of jiain, was alilo to sit np and was 
Pomplaining of hot llashos. At the ond of .so\on months she had gained a total of forty-two 
pounds and was aide to lead a noimal lif**. She altendeil soidal fiinetions in the c\cnings 
and looked nmisnally well, lloentgi'nogram.s of the skeleton showed a reealeifieation of most 
of the metastatic mens. 

At fourteen months single massi\o do.ses of x-ray.s weie given oiei .“cveial tender 
areas in the thorax and lumliai sjiine. ,\t sixteen months sla> levisiled her original physieian 
who diFco\orod some asymptomatie metastases in the sknll. She was nnieh upset when hci 
attention was foensed on these lesions and it was necessary to do a eompletc epilation to 
restore her mental equilihrium. At two years pain ajiiieared in the left chest tind a 
inoclerate amount of bloody tlnid was tispiraled from the jilenral cavity. Uoentgenograms 
reiealed a soft tissue mass nieas\iiing ri..") cm. in diameter at the peiijiheiy of the lower 
left lung field. Ko x-ray therapy was given over this region and the ideuial piocess did 
not progress. At two year.s and eight months rather sevoic ]>ain appeared in the lower 
lumhar region. It was pailinlly ielie\ed by single massive doses of x'-rny.s but she began 
to lose weight and complained of weakness. At three years and two months from the time 
of admission she died with multiiilo metaslasev, m (he liver niid lungs. 


Comment. — In our opinion lliis ])«lienl’.s pliy.sicitin erred in telling licr of 
tlie seriousness of lier condition and in giving licr large doses of niorifhine as 
iter only form of treatment. If x-ray therapy had been started immediatelj^ 
she could have been spared innch mental suffering. It is onr custom to tell 
such patients that they are suffering from a form of arthritis which can be 
tieatcd with x-rays. Since some forms of art lint is are now treated successfully 
with irradiation many of onr patients obtain relief Avithont realizing that a 
seiious complication has appeared. 


SUMMARY 

With the methods of treatment noAV aA'ailable more than 75 per cent of 
^ patients Avith cancer of the breast aiipl.ving for treatment are incurable 
uud must receive some form of palliative therapj^ 

Criteria are noAv available Avliich make it possible to decide" Avhether any 
given patient should receiA^e radical surgery or only irradiation therap}'' and 
other palliative measures. 

The care of patients Avith incurable mammary cancer has become rather 
complex but the intelligent use of iiTadiation therapy enables manj^ of them 
0 ive three or more years in relative comfort. 
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THE PROBLE^t OF J.OOAL RKClTRin5NCE AFTER RADICAL 
lilASTECTOI^lY FOR CARCINOi^rA 


William CuAwrono Wuitk, JI.D., Nkw York, N. Y. 

(From The Hooscvclt Tlospital) 

F or some years I have been infereslcd in the question of recurrence of breast 
cancer in tlie operative field, and I have been distressed ])y its frequency. 

In the devclo]>ment of the present form of ti’eatment, surp:eons have, step 
by step attempted to remove more and more tissue in the neighborhood of the 
growth. Ilalsted introduced a radical procedure which is well known and 
Avidely followed. In this operation he removed a “large area” of the skin 
together with the breast, the pectoral nm.scles, and the axillary contents. I 
have been unable to find records of measurements of the skin removed for com- 
parison Avith the Handley technique. Halsted’s method also differed from 
that of Handley in that he did not adA’oeate AA'ide undercutting of the adjacent 
skin to permit plastic closure. At times I have had the privilege of observing 
the technique of some of his pupils and, at times, they have not remoA’-ed more 
than a five-inch diameter of skin, Avhicli left an area that in those instances 
could have been closed by plastic methods if the operator had so elected. In 
other cases, I am certain that more than a fiA^e-inch diameter of skin Avas re- 
moved, to the maximum that Avas permissible, and yet of the fifty cases that 
Halsted reported in his original paper, local reciU’renee developed in 31.9 
per cent.‘ 

Handlej'^ later propounded the thesis that it Avas not necessary to excise 
so much skin because cancer did not spread in the skin but in the subcutaneous 
tissue. He, thei’efore, Avas content to excise a circular diameter of about Aat 
inches and then dissect in a peripheral direction in the subcutaneous tissue so 
as to leave a flap of skin that could be approximated in most instances. In my 
practice, I fell under his influence and liaA'e folloAved this method in regard to 
the skin. HoAvcA’^er, in small breasts Avith the remoAml of such a diameter of 
skin, I haA'^e found it necessary to graft skin. 

As time passed, I became more and moi’e interested in the question of the 
correctness of Handley’s position and also that of Halsted. In truth, I haA'e 
never seen definite proof, in pathologic sections, that cancer spreads in the 
skin Ijmiphatics or in the subcutaneous H'mphatics. But from clinical obser- 
■''ations, I am inclined to favor Handley’s contention. My bias in favor of skin 
closure Avhen feasible may haAm influenced this judgment. If so, I might be 
PiOA^ed definitely wrong by the results in our clinic and elscAAdAcre. 

Generally speaking, our five-year surviAml results Avere comparable to 
diose of the other clinics, Avhen the mathematical statistical errors are consid- 
cied that creep into a report of less than 10,000 cases. We Avere satisfied that 
cur res ults Avere comparable, but then I began to Avonder about the significance 
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of local recurrences. Theoretically, if an operation is correct it slioiild exci.se 
all the local cancer in an operable field. But we found that there was a definite 
incidence of local recurrence in our patients, in whom we had used the Handley 
technique. 

In a study of 238 cases of pla.stic closure (Handley) that had been followed 
for a mininuun time of five yeans, and ninny much longer, v'e had evidence of 
22.6 per cent local recurrence. 

It may be contended that 22.6 per cent local recurrence in the 238 eases 
indicated that our type of radical operation was inadequate. Therefore, as a 
check on our results, I have compared these results with those from other 
clinics (Table I). 


TaKI.K 1. HkSUI.TS ok RaDIC.VI. Ol'KltATIOK KOn BltEAST Caxcit. 



lAfCAI, KECURHENCE 

FIVE YEAR 

FREEDOJt 

nosriTAi. 

XrMREIt 1 TER CEST 

NTMRER 1 

PER CENT 


The Roo.sevelt Ho.<!pitnP (New York) 


(Plastic clo.surc) 


Limited to lircast 

101 

11 

10.8 

62 

61 

Axilla inwolved 

1.37 

4.3 

31.5 

24 

17 

The Presbyterian llospitaP (New York) 






(Plastic closure and skin graft) 






Limited to breast 

237 

23 

9.7 

145 

61.2 

Axilla involved 

3S5 

120 

31.3 

81 

21 

The St. Lukes Hospital"' (New York) 






(Plastic closure and skin graft) 






Limited to hrenst 

no 

S 

0.9 

OS 

58.0 

Axilla involved 

24-1 

52 

21.3 

57 

23,3 

The Ifonry Ford IIospitaN (Detroit) 






(Plastic closure and skin graft) 






Limited to breast 

97 

(> 

C.l 



Axilla invoh’cd 

149 

31 

20.8 



(Plastic closure) 


4 

5.5 



Limited to bre.ast 

72 





Axilla involved 

67 

18 

27 



(Skin graft) 






Limited to brca.st 

24 

2 

8.3 



Axilla inA'olvcd 

67 

18 

27 



Johns Hopkin.s Ho.spitaP 






! (Table XXX) 






Pla.stic closure 

116 

46 

39.7 



Thiersch graft 

322 

97 

30.1 



(There is no breakdown into two groups; 

limited 

to breast and 

.■txilla involved) 



J. Stewart Bodnian'? 


(Rodman operation) 

W, L. Rodman plastic closure 133 3 ^ 


The question of local recurrence (or persistence of carcinoma, as Hugh 
^.uchincloss'’ has so aptly piirased it) is of interest from several angles. The 
mrgeon is likely to consider a recurrence as a reflection on his lack of thor- 
nighness and radicalism. It often may be so. But it must also be recognized 
;hat the most radical of surgeons cannot clean out the intercostal and inter- 
tnaramary nodes without removing the chest wall ! 

Then too, it is interesting to note the increase in the percentage o± general 
and local recurrence the longer the cases have been followed Jike othcis 
some of my patients have had local recurrences m the scar 
relcven, tSrteen. and seventeen years after operation. But in only one 
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instance have I seen local reeuri'once alone. That patient had a local recur- 
rence at eleven years, witli excision, and freedom from disease, now seven 
years. The numerous otlier patients shortl.v revealed evidence of cancer 
elsewhere. 

It is possible that cancer may lie dormant in subcutaneous or dermal tis.sue 
for many years and then flare up into renewed activity. Some day the bio- 
chemist may be able to {jive an answer to this clinical observation. 

It is not my thought to weigh too carefully the variations in percentage 
except in a broad Avay. It may be pointed out that regardle.ss of the Halsted 
or the Handley approach, there is a high incidence of local recurrence, and 
that there is no proof that one method is better than the other in avoiding 
local reeuri-enee. It is also, I think, fair to believe that in cases with axillary 
raetastases the local recurrence rate is tripled over those in wJiich the cancer 
is limited to the breast. 

It is a proper method to break down the cancer into two obvious groups: 
(1) limited to the breast, and (2) breast plus axillary metastases. At best 
this is a crude method for it must be recognized that cancer spreads by em- 
bolism to the lymph nodes along the intercostal and internal mammary spaces 
as well. It must always be borne in mind that the pathologic process is often 
more widespread than can be detected by either the clinician or the pathologist. 
It must also be admitted that there are limitations to the amount of surgery. 

In our report of cases we have some support of our contention in the mat- 
ter of local recurrence in patients Avith axillaiy metastases. It Avould seem to 
point to Avidespread emboli in the chest area. AVe have all along recognized 
that this index Avas crude, and acknoAvledged that at times Ave Avere innocently 
opei'ating on patients Avho had already reached the stage of inoperability. 

Recently, I have had an experience that threw some light on this subject. 

CASE REPORT 

Mrs. A. had a tumor in the right breast with axillary metastases.® At operation a 
biops3’ was performed with a needle charged with a high-frequenej^ current. The skin 
wound was then closed. Drapes were removed and the breast area was prepared again. 
Gowns, gloves, and instruments were changed, as if in preparation for another operation. 
The radical operation was then performed after the frozen section diagnosis of cancer had 
been made by the pathologist (Brandes), At the end of the operation, it became obvions 
that a skin graft would be neeessarj-. The left thigh was prepared by an assistant, after 
which the operator, wilhmit changing gloves, took the Padgett-Hood dermatome and 
removed a suitable area of skin in one piece. Sulfathiazole ointment was applied to this 
raw skin bj- an assistant and the physician completed the operation. Three months later 
this patient developed adenocarcinoma on the donor site. In the operation no carcinoma 
tissue was seen ns the incision had gone wide of the biopsj' site. It is true that there were 
involved Ij’mph nodes in the axilla which had been removed en bloc from the apex of the 
axilla downward and outward. It is fair lo assume that some invisible cancer tracks had 
been cut through and that some of these cells adhered to the gloves, and were transplanted 
to the raw area on the thigh at the time that the graft was taken. 


To draw an analogy from tliis ease, it is fair to assume that in the course of 
a radical operation one must not infrequentl.v cut through invisible eaneer 
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tracks, and that some cancer cells deposit on the knife or gloves, to he deposited 
later about the raw Avound. In an attempt to avoid this, avc have made a practice 
of using artei'ial clamps only once, but avc have not changed gloves frequently. 
We have used four or five scalpels in the course of an operation. It might be 
indicated to rase many more. I believe now that one source of local recurrence 
is the unconscious deposit of cells about the rvound. 

It might be contended, Avitli eon-siderable truth, that in these eases we are 
opei'ating in inoperable cases, even though we have no physical method of 
detection at the time of operation. Methods of technique for avoidance of 
catreer cells are as strongly indicated as avoidance of pus cells, but methods 
only are aAmilablc. We can see neither. Theoretically, the endotherm needle 
might help to avoid this hazard, through cauterization and destruction of 
tissue. To date there has not been sufficient evidence to support this theory. 

To return to the relationship of local recurrence to an initial widespread 
of the cancer at the time of the initi.al operation, I have observed that the local 
recurrence has been in association Avith the presence of metastases outside the 
operath’e field in eveiy case in this seric.s, except one. This exception Avas in 
a woman who had no axillary metastases at the initial operation. She Avas free 
from the disease for eleven years AAdien she developed a local recurrence in the 
sear. This Avas excised and noAAq seven years later, she is Avell and free from 
signs of cancer. 

We have also observed, A\'ith others, the development of cancer metastases 
in distant points such as the upper end of the femur, only to have local recur- 
rence appear a year or tAvo later. The longer a series of eases if folloAved, the 
higher Avill be the percentage of local I'ecurrenee. 

Before the advent of roentgen therapy there Avas local recurrence. As the 
technique developed it Avas hoped by all of us that the thorough treatment of 
the operatiAm field Avould reduce if not eliminate local recurrence. At least in 
that area roentgen therapy should pi-OAm itself. It has been our experience 
that such has not been the case. We have the same high incidence of local 
recurrence after the use of postoperathm x-ray therapy. 


SUMMARY 


Local reciUTence of breast cancer after radical mastectomy is a common 


experience in all clinics. 

A chest Avithout a skin graft is preferable to one Avith a sidn graft. With 
the Handley technique it is usually possible to make a plastic skin closure. 

As far as can be found out, there is no sufficient proof yet that the Halsted 
skin removal Avith Thiersch graft gives a reduced incidence of local recurrence 


over the plastic skin closure of Handley. 

It is my belief that local recurrence after a proper radical operation such as 
the Halsted or Handley procedure is due to first, the physical impossibility of 
removing all cancerous tissue in the internal mammary and intercostal areas. 
In otter words, we are dealing in snoh cases with undetectable tnsptrable 
exlLion d the cancer; second, the transplantation of cancer cells that have 
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been eul into in the enurxe of llip o]H'i'a1ion. 'I'liis fpoqiu'iu'v should he reduced 
by improved ‘'cancer asepsis.” 
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SURYIVAL RATEvS OF RADICAL MASTECTOMY FOR UNILATERAL 
AND BILATERAL CARCINOJEA OP THE BREAST 

Stuaht W . IIahkingtox, Af.D., Rociikstkh, JIink. 

fFmii Ihr Divmon of Surticnj, Mayo Clinic) 

'"T^IIE mnmmnry gland is one of the most common sites of malignant disease 
1 in women. Tliere are essentially two types of primary malignant neoplasm 
of the breast : carcinoma and sarcoma. Carcinoma is the principal type of 
malignant lesion occurring in the mammary gland. The different types of 
malignant lesions of the breast found in 6,558 patients on whom operation was 
performed at the !Mayo Clinic from 1910 to 1940, inclusive, are shonm in Table I. 


Tabi.e I. Mai.io.vakt Lesiok.s of Tin; Bhkast (1910-1040 iKri.usivE) ; Hadicai, Mastectomy, 

Tot.u. BKKSRa Pat)Ioi.oo!c 


typf. of i.esio.n 

1 NUMBEi: 1 

PEU CEN'T 

Adenocureinoina 

6,412’' 

9T.7S 

Epitiieliomn 

SI 

0.47 

Paget’s disease 

69 

1.0.5 

Melanoepitliolioma 

3 

0.05 

Sarcoma 

39 

0.59 

Carcinosarcoma 

4 

0.06 

Total 

6,.'j.'5S 

100.00 


•Jnc)u<le.>! 21 ca.se.*? in whicli the patliolopic (llngnosi.-s %vo.‘5 mndo cl.«o\vl)ero. 


The relative frequency of occurrence of the different types of carcinoma 
constituting 99.4 per cent of the total 6,558 malignant lesions of the breast in 
this series is very impoidant from the standpoint of prognosis because this type 
of malignant neoplasm is prone to metastasize early to distant parts of the 
body, a fact that emphasizes the importance of early recognition and imme- 
diate treatment of malignant disease of the breast. 

The re.sults of treatment of malignant disease of the breast have been 
markedly improved by radical surgical treatment. Since the introduction of 
this method by Ilabsted, it has been the method most generally accepted by the 


medical profession. 

This radical surgical treatment is based on the hypothesis that the malig- 
nant lesion is localized at the onset but that later in the course of the disease 


it invades other tissues by transmission through the lymph stream and occa- 
sionally through the blood stream. If this conception of the disease is eon-eet, 
it is manifest that the most important considerations in the treatment are 
early recognition and immediate complete removal of the diseased tissues. One 
of the principal reasons for failure of surgical operation to a-ecomplish this 
obiective uniformly is the high percentage of cases in which metastasis has 
occurred before the patient is operated upon. If the condition is confined to 
the breast at the time of operation, complete eradication of the disease can 


be expected. 
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From a surgical slaiulpoinl lesions of llie breast may be divided into two 
general groups. The fir.st grou]) consists of tliosc Ibat can be deniiilely diag- 
nosed clinically a.s malignant lesions. Tho.se arc best, treated by immediate 
primary radical mastectomy. 

The second group eomsists of those lesions in which a definite diagnosis 
caimot be established on the basis of the clinical manifestations of the disease. 
This is the most important group from a .surgical standpoint as the losion.s arc 
iisuallv earlv and the most satisfactory operative results can be obtained irom 
surgical treatment of tho.se lesions. As I have .stated before, in all ea.ses in 
which there is a single localized tumor, the le.sion should be completely i-e- 
moved by wide surgical excision and a definite diapiosis immediately estali- 
li.shed by inieroscopio examination from frozen sections of the tissue. le 
lesion is found to be malignant, the, operation should be completed immec la e y 


as a radical amputation. 

From the standpoint of oiieralivc procedure tlie best surgical results are 
obtained from primary radical amputation. There are many laiiations lu 
methods of carrying out the minor details of the radical amputation mt ^ le 
fundamental principles of the operation are invariable and .sbould be carried 
out in all cases accepted for surgical treatment. This as an initial treatment 
is by far the most important procedure and the po.ssibility of a cure depends 
on the tiiorougliiiess with which it is carried out. The importance of this can- 
not be overestimated, for secondary operative procedures are rarely curative. 
I believe that one of the important factors in the unsatisfactory I'esults^ ob- 
tainecl from surgical treatment is the relative frequenej'’ with v ic \ minor 
operations are clone for malignant disease. 

The number of inoperable cancers of the breast that have been seen at the 
eliiiic during the last five years has remained fairly constant. There ai e vane 
opinions as to what constitutes operability, I shall state briefly the cn eiia 
of operability that have been followed in this series of cases. 
the bi'cast was considered to be operable if it was freely movai e lom le 
thoracic wall regarclless of ulceration. In some cases even if theie weie cn a 
neons nodules proximal to the tumor, regardless of the piesenee oi aisenee 
of palpable axillary lymph nodes, the lesion was considerecl opera e. ^ ^ 

tion, patients were accepted for operation if they had a diffuse type o ma ig 
nant growth, if malignant disease urns associated Avith lactation, as Ave as i 
malignant disease aa^s associated Avitli pregnancy. Those conditions Aveie eon 
sidered to be inoperable in Avhieli a large groAvth Avas fixed to the thoracic Avail 
and there Avas A^ery extensiA'^e metastasis to the axillary anc snpiae 
lymph nodes or metastasis to other distant parts of the body. oiv pa 
AA'ho had metastasis that immlAmd distant portions of the bo y A\eie aceep 


for operation because of exceptional circumstances. 

As thus indicated, it is difficult to draw any sharp line between operable 
and inoperable lesions and in each case treatment must be occoi iiio o 
findings. I have accepted for operation all patients to Avhom, 1 felt, vas 
a reasonable chance of offering comfort or greater length o i e as aa 
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those whose disease, I fell, stood a reasonable chance of being cured. It may 
.seem that these rides of operability have not been drawn strictly enough and 
that cases have been accepted for operation in which the growth is too ex- 
tensive. This is a matter of ojiinion, however, and .iuslifieation has been found 
in many cases in which the condition was thouglit to be absolutely hopeless 
before operation but in whicli the patients have lived to enjoy many years of 
comfort. 

There are many factors that intluencc the re.sults of surgical treatment, 
the more important of which arc as follow,s: (1) the extent of the malignant 
involvement at the time of operation, (2) tlie thoroughness with which the 
radical operation is done, (3) the degree of malignancy ns shown by inicro- 
.seopic examination of the primary lesion, (4) the presence of other associated 
conditions .such as pregnancy, (5) the general constitutional diseases such as 
diabete.s, (6) the age of the patient. 

Statistical studies of the results of treatment of mass groups of patients 
are often misleading. This is particularly true when comparing the results 
obtained from different tj^ies of treatment; in these studies it is imperative 
that only similar groups of eases be used for comparison. I do not believe 
that comparative studies are of value unless it is definitely known that the 
groups compared are similar as to type and extent of the disease. 


There are unavoidable inaccuracies in statistical studies because of the 
difficulty in obtaining accurate classifications of cases due to the many factors 
that influence prognosis as well as the difficulty in obtaining 100 per cent 
folloiv-up records of cases in which operation was performed, hut these studies 
are the most valuable method we have of determining the results obtained 
from treatment. Their value is in direct pi'oportion to the accuracy of classi- 
fication, the completeness of the follow-up, and the length of time that has 
elapsed since treatment was instituted. 

For the past nineteen years I liave made statistical studies at about two- 
year intervals of the cases of carcinoma of the breast in which operation was 
performed at the IMayo Clinic. However, because of the influence of war con- 
ditions, an interval of four years has elapsed since the last study. There has 
been a slight decrease in the percentage of follow-ups from 98.5 to 97.1 per 
cent of traced patients. Even the latter percentage, however, I believe is a 
very high proportion because of the size of the series and present-day diffi- 
culties of contacting patients because of changes of residence. 

The following statistical studies have been made on all patients on whom 
operation has been performed at the clinic for malignant disease of the breast 
from the years 1910 to 1940, inclusive, and comprise a series of 6,558 cases. 
Forty-seven patients (0.7 per cent) died in the hospital following operation; 
of the 6,511 patients who recovered from operation 6,318 (97,0 per ecut) have 


sen traced three or more years. 

These studies have been made primarily to determine the results of radical 
arrieal treatment as well as to point out some of the clinical or pathologic 
actors that influence the prognosis. In all of the statistical studies of survival 
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rates it has been assumed that the patient died of malignant disease although 
in many instances it was definitely knoAvn that death was due to other causes. 

I should like to exprc.ss my appreciation to the division of biometry and 
medical statistics for their diligence in searching for these records and in 
obtaining such a remarkably high percentage of traced patients. 

The study of survival rates for the various periods after operation urns 
made in the following manner. The I’ccords of patients on whom operation 
had been performed the requisite number of years prior to the time of inquiry, 
which was Jan. 1, 1944, were first selected. For the calculation of the three- 
year survival rate, the patients treated in 1940 or earlier were selected; for 
the five-year survival rate, those operated upon in 193S or earlier were selected; 
for the ten-year survival rate, those operated on in 1933 or earlier were 
selected, and so forth. Obviously, then, the three-year survival rate was cal- 
culated on a larger number of patients than the five-year survival rate; the 
five-year rate was calculated on a lai-ger number of patients than the ten-year 
survival rate and so forth. Of the patients operated upon, anyone not ti'aced 
for a sxrfficient number of years after operation was considered untraced and 
was not included in the calculation of the survival rate. For instance, in 
calculating the five-year survival rate, a patient who had been operated on 
seven years prior to the time of inquiry but had been traced for only four 
years after operation, and who was living at that time, was considered un- 
traced in the calculation of the five-year surmval rate, because it is not known 
whether that patient did or did not survive until the fifth year after operation. 
For the pui'poses of the calculation of the three-year survival rate, that patient 
was considered traced, for it is knoAvn that the patient survived more than 
three years after operation. 

When patients did not answer the routine follow-up letter, the local de- 
partment of health, bureaus of vital statistics, and so forth were consulted 
to learn whether any record of death existed. In the end, only a small frac- 
tion of the patients remained untraced. Ninety-ser-en per cent of the patients 
on whom operation had been perfoimied tlu’ee or more year’s before investiga- 
tion were traced for the requisite period. 

The first study was made on the entire series of malignant lesions of the 
breast treated by radical mastectomy from 1910 to 1940, inclusive. All cases 
are included in this table, carcinoma, sarcoma, unilateral and bilateral disease, 
females and males. The special group studies which are shovni later are in- 
cluded in this table. The objective of this study was to determine the influence 
that the extent of the disease, as indicated by the presence of axiUai’y nodal 
metastasis, when found at the time of the operation, had on prognosis. The 
results of this study are shovm in Table II, which gives for the three-year, 
five-year, ten-year, fifteen-j-ear and twenty-year survivals, the number of pa- 
tients on whom operation was performed, those traced, and the number who 
survived, with the respective percentages. This is the only table of survival 
rates in which the complete tabulation of these different numbers of patients 
will be included. In the subsequent tables that deal with survivals, onlj- the 
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TABM: II. ilAl.tONANT Lr.SIOXS OP Tiu; BBEAST, lUniCAl. ilA.STEOTOXiy— Mai-e.s axd Femaees, Cakci 





nivED 3 or. more 

YEARS AFTER 
QVKU.VnOX \ 



EWED 5 OR X 
yEAi;.S AFTI 
OPERATIO.X 

AXir.I.AIiY metastasi.s 

PA- 

TIEXTS 
! OPER- 
ATED o.v* 

PA- 

T/n.VTS 

traced 

i 

[ PA- 
TIEXT.S 

PER 

CEXT or 
TRACED 
PA- 

TIEXTS 

PA- 

TIE.VT.S 

oper- 
ated ox 

PA- 

1 TIE.\'T,S 
TRACED 


Pi 

CF.A" 

TRAi 

P.' 

TIEX 

Pre.^ont (C0%) 

Absent (409^) 

2,C>U 

.3,790 

2,.32S 

1,717 

2,148 

45..3 

85.0 

3,50.3 

2,302 

■Sgi 


■ 

TotiU 

(;,5n 

6,.3tS 

3,S(w 

01.2 

5,895 

5,7.34 

2,757 

m 


•Inquiry as of Jan. 1, 19 M, The tUrce-yc.ar group comprise.s the patients on whom operation 
performed tliroo or more years prior to (he time of inmiify, (lint in. 1940 of earlier: the fl\e-year g! 
comprl.scs tlioso on whom operation wn.s performed in 103S or earlier: the ten-year group compr 
(hose on wlioin operation wn.s performed in 1033 or earlier and so forth. Kinety-seven per cent ol 
patients \\cic traced. Tlie l" patients wlio died in the ho.spital following operation (.1910-1940) are 
eluded in the calculation of .survival ratc.s. 


number of patients traced and the pcrecntauc of .sni-vivaJs will be given, in 
order to simplify the talilc.s. 

As is seen in Table II, tlicre were, for the calculation of the three-year 
survival rate, 6,511 patients with malignant lesions of the breast on whom 
operation was performed in 1940 or earlier, of whom 6,318 (or 97.0 per cent) 
were traced. There was a wide variation in the survival i-esults and the prog- 
nosis wa.s much better in those cases in which a-xillary nodal metastasi.s was 
not found at the time of operation than it was in those cases in which axillary 
nodal metastasis was found. The patients who did not have axillary metastasis 
at the time of operation constituted 40 per cent of the entire series. The pro- 
portion of thi.s group of patients living three years or more after operation 
wa.s 85.0 per cent, or almost twice as lai'ge as that for the group with axillary 
metastasis, which was 45.3 per cent. In the five-, ten-, fifteen-, and twenty- 
year survival rates of patients without axillary nodal metastasis, it was found 
that the improvement increased progrc-ssively over tlie group with axillary 
metastasis. For the five-year period, the survival rate for the group without 
metastasis was two and one-half times as large as that for the group with 
metastasis; for the ten-year period it was three and one-half times as large; 
for the fifteen-year period it u-as four times as large, and for the twenty-year 


period it was more than five times as large. 

Although axillary nodal metastasis is only one of the factors that may 
indicate the extent of the disease at the time of operation, I believe that it is 
one of the most important factors indicating the prognosis following operation 
because of the great influence that it has on the survival rates. Because of 
this fact in compiling statistical studies of survival rates of malignant disease 
of the breast I believe that all cases should be divided into two mam groups, 
those with and those without axillary nodal metastasis at the time oi oiievaUm 
and that statistical studies should never be based on a combination o 
o-roups without knowing the number of patients m each group. 

“ Leotdmgly, in .11 of the following stndies of diffemtt ctoflc.t.ons »nd 
,ypefo“lLino;., the e.ses in each elasrflica.ion have been d.v.de<I n,.o t»o 
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SAKCOMA, rxiI.AXr.KAl, AND Bll.ATi;i!Ah DlSKAKK, SrUVIVAI. UArKS Accoiilil.vo TO AXIIA.AKY Mr.TAKTAKIR 
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3,143 
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2,284 
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10.1 


groups, those avHIi and lliosp Avitlumt oxillnvy nodal nictaslasis at the time of 
operation. 


UNII-ATICHAL CAUCINOMA OK Till; UKKAST IN' AVOMKN 

A study Avas made of all Avoinen patients Avho had unilateral carcinoma 
of the breast, to determine the re.siilt.s of radical mastectomy for this group of 
patients. The results of this study are shoAvn in Table 111. This study com- 
prises a series of 0.140 patients or 03.8 per cent of tbe entire series of malig- 
nant lesions of the breast. Of these 6,140 patients, 5,070 (or 07.1 per cent) 
baA’e been traced three or more years. Of the patients, 3,722 (or 60.5 per 
cent) Avere found to haA'c axillary nodal metastasis at the time of operation 
and 2,427 patients (39.5 per eent) A\’cre not found to haA'c axillarj’’ nodal 
metastasis at the time of operation. The three-year, fiA'e-yenr, ten-year, fifteen- 
year, and tAA’enty-year results AA'ere A'ery similar, A’arying only a fraetion of a 
per cent from those in the entire .series as shoAvn in Table II. In those cases 
in Avhich axillary metastasis Avas not present at the time of operation the 
results AA'ere much better than in those cases in AA'hich axillary nodal metastasis 
was present. 

A study AA'^as made to determine if there Avas any difference in the results 
obtained in the different grades of carcinoma of the breast. I shall first give 
n brief summary of the grading of cases, A\dnch has been done according to 
Broders’ method of dmding malignant lesions into four grades based on 
cellular differentiation. This part of the study is based on 5,134 cases, the 
total number that has been graded in the series of unilateral carcinoma in 
women. A study Avas also made to determine the percentage of cases in each 
of the four grades of malignancy and the percentage of each grade of malig- 
nancy Avith and AAuthout axillary nodal metastasis at the time of operation. 
The results of this study are shoAvn in Table IV. It Avas found that 49.2 per 
cent, or nearly one-half of all carcinoma of the breast in this series, is of 
grade 4 malignancy and that of these grade 4 lesions axillary nodal metastasis 
Was found in 84.1 per cent of cases at the time of the operation. On adding 
|be grade 3 and 4 lesions, it Avas found that 81,7 per cent of carcinoma of the 
breast aaus of high grade malignancy from Avhich metastasis occurred early. 
This again emphasizes the seriousness of malignant disease of the breast in 
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that the majority of (he lesions are of a high grade of malignancy and present 
a high percentage of axillary nodal metastasis at the time of operation. 

A .stndj "was then made to determine the survival rates according to the 
foni grades of malignancy. The two main groups (those with and tho.se with- 
out axillam nodal metastasis) were each subdivided into foui* groups, making 
eight classes in all. I believe that the comparison of results of any type of 
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Periods After It adicai. M.astectomy ; .a Coaip.arisox of E.ates ix Group.s 
IV iTH AXn WiTitofT Axillary Meta.stasis* 
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*Onlj' patients operated on and traced for the different period.? are included in this tabic. 


T.ABLE IV. L*XIL.ATF.R.AL C.Ar.CI.VO.MA OF THE BrEA-ST (1910-1910 IXCLUSU'E); Eadic-al 
JIastectomy, Metastasls IX WoMEX by Grape of M.aligx.axcy 
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•In 1,061 cases, grade of malignancy was not stated. 


Table V. Eadical Mastectomy' for Uxilatek.al Carcixo.ma of the Breast of Womex; 

A COJIPAKLSOX OF Sl'KAIVAL E.ATES ACCOFJHXG TO Gr.ADE OF MaUGXAXCY 
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Ircafinenl is most accurate wlicn made according to this classification. Table V 
shows tlie results over periods of three, five, ten, fifteen, and twent.y years 
according to tlie grade of malignancy and the presence or absence of axillaiy 
nodal metastasis at tlie time of operation. This shows a definite and uniform 
relationship between the operative results and the degree of malignaney, in 
that the lower the degree of malignancy the higher the percentage of patients 
alive three, five, ten, fifteen, and twentj' years after operation. This was found 
to be true in both the groups with and Avilhout axillary metastasis. 

It also shoAv.s, as Avas revealed in the jirevious studies, that the surgical 
results are much more satisfactory in cases Avithout lymphatic iiiAmlA'cment 
than in those Avith lymphatic involvement in the same grade of malignaney. 
The study shoAvs that the grading of malignant lesions gives a A'cry important 
indication as to the prognosis. I bclieA’c that the grading of malignant lesions 
represents one of the greatest adA-ances that has been made in the study of 
malignant disease in recent years. 

A study Avas made of all Avomen patients avIio had had radical mastectomy 
for unilateral carcinoma of the breast betAveen the yeare IMO and 1940, in- 
eluswe, to determine the influenec of age of the patient on the incidence of 
occurrence and results of operation. This constitutes a series of 6,195 patients, 
as is shoAvn in Table VI. The youngest patient Avas 16 years and the oldest 

UsiLATEnAn CARCI^’o.^tA or THE Bueast IX AVomen; Radical Mastectomy ( 1910 - 

1940 Ixci.usn'E), Age Distributiox and Incidence or Metastasis According to Age 
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45.6 
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S 37 

13.5 


60.6 
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32.7 
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1,803 

29.1 

1,158 

64.2 
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1,116 

18.0 

672 

60.2 

70-79 

292 

4.7 

146 


80-87 

10 

0.2 

4 


Total 



3,755 

60.6 



Was 87 years of age. In 32.7 per cent of the entire series the disease occurred 
m the fifth decade of life. This is the decade of life that presented the highest 
incidence of occurrence. The mean age of the entire series Avas 51.3 years, 
e highest incidence of metastasis found at the time of the operation in the 
liferent decades of life Avas 64.2 per cent and Avas found in patients from 50 
9 59 years of age, inclush’^e. In 60.6 per cent of the entire series axillary 
nodal metastasis Avas found at the time of operation. 

A study was made to determine the five-year survival rates according to 
nge. This study Avas made on a series of 5,558 Avomen patients, of Avhom 5,407 
I'eie traced. These patients had had radical mastectomy for unilatex’al car- 
emoma of the breast from 1910 to 1938, inclusiAm, Avhich permits the compiling 
° _ ve-year sui-Adval rates. The results of this study are shoAvn in Table VII. 
IS study shoAvs that in patients having axillary nodal metastasis at the time 
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of operntioH, the highest percoiitafre of five-year survivals ivas in the sixtli 
decade of life. In patients presenting no axillary nodal metastasis, the highest 
percentage of live-year survivals Avas in the second and third decades of life. 
IIoAvcA’cr, in these decades of life there is a relatively small percentage of 
patients compared Avith the later decades of life. The host results in the later 
decades of life Avcrc obtained in the fifth decade, in AA-hieli the proportion of 
fiA'e-yenr surviA-als Avas 81.7 per cent. This is also the decade of life that car- 
ries the greatest incidence of the di.sease. 

A quinquennial study from the years 1910 to 1939 Avas made of some of 
the clinical and pathologic considerations to determine Avhat change, if any, 
had taken place in these periods. This study is recorded in Table Vin and 


T.abee Mil. rxn..\TERAi. Carcixo.aia op the Breast ix AVo-aiex; 
ItAnicAL Mastectomy (1910-1940) 
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Total 

5,910 

61.2 

82.0 

51.2 

48.3 
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shoAvs very little change in the mean age of patients but it does shoAV some 
tendency to an increase in age of patients at the time of operation in the past 
ten years This is also reflected in the decreasing percentage of patients less 
than 50 years of age at the time of operation. It is gratif^ang to see that there 
Avas an 'appreciable decrease in the percentage of patients having a^i^ary 
nodal metaLsis in the past five-year period studied (1935-1939), it being 52.4 
Ter with 61.2 per rrnt of the total tor tho eot.re ported a 

fact that inffleates that the educational program m wh.eh tha med.c.l p.o- 



lIAUniKOTON’ : HADirAI. MASTKCTOMY TOK CAKCIXOMA OI’ HKKAST 


1(53 


fessiou has pnrtieipalod is slunviiijr favovahlo rosnlls in lhai physiaiaiis arn 
seeing palienls earlier in tlie eonrse of ihe, disease. This is also reflecled in 
that there was a higher pereenlaue of ])atients, r)().1 per cent, operated on 
within six months after the onset of syni])tonis during the last five-year period 
and 70.4 per cent within one year as compared with 47.5 and (55.1 per cent 
of the total periods in these respective groups. It is also found that there has 
been a tendency toward a lower percentage of grades 3 and 4 malignancies 
in the past fifteen years. 

A quinquennial .study was made of unilateral carcinoma of the breast in 
women who had had radical mastectomy from 1010 to 11)3S, inclusive. The last 
period is only four years (1035-1938) because patients operated on in 1939 
had not been operated on for a .sufficient length of time to enable five-year 
results to be compiled. This study was made up of 5,558 patients of whom 
5,407 were traced. The patients are divided into the two groups, those with 
and those without axillary nodal mcta.stasis at the time of operation, as is 
shown in Table IX. It was found that there was a consistent and aijpreciable 


Table IX. ■Unilateilvl Cakcixom.\ or Buf.ast, Raihcal MASTr.cTO^tY ; Five-Yeak Survival 
Bates eor Difeerekt Periods of Experien’ce Accordikg to Metastasis 
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Total 

3,348 

1,017 

30.4 

2.059 

1,559 

75.7 
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47.0 


improvement in the results obtained from radical mastectomy in each of the 
five-year periods. The study of patients presenting axillary nodal metastasis 
at the time of operation from 1910 to 1914, inclusive, shows that 23.7 per cent 
were living five years after operation as compared with 39.1 per cent of those 
on whom operation was performed during 1935 to 1938, inclusive. In this 
study the results obtained in patients without nodal metastasis at the time of 
operation show a greater improvement in that there was 62.7 per cent of fiA’^e- 
year suinfivals from 1910 to 1914 as compared Avith 81.9 per cent from 1935 
to 1938. 


bilateral, carcinoma 

The results of the surgical treatment of bilateral carcinoma of the breast 
Ole shoAvn for tAvo classifications: (1) those in Avhich the carcinoma occurred 
'o the second breast at a later time, or nonsimultaneous carcinoma, and (2) 
lose in Avhich the carcinoma occurred in both breasts at the same time, desig- 
nated as “simultaneous” carcinoma of the breast. 
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Nonsiimdfancous. — The occurrence of nonsimultaneoiis carcinoma of tlm 
reast presents a very important problem in that some surgeons advocate the 
routine removal of the remaining breast in all patients on whom radical re- 
moval of one breast has been performed. I have made a special study of this 
group of patients in order to detennine the incidence as well as the results 
of radical mastectomy for primary carcinoma of the remaining breast. The 
study of this group of eases has been divided into two main group.s, in order 
to obtain as accurate an evaluation of results as possible. The first group 
consisted of patients who had both operations of radical mastectomy done at 
the Mayo Clinic, This consisted of a series of 155 patients. The intervals 
between the operations were from one to twenty-eight years. 

The second group consisted of those patients who had either the first or 
the^ second operation done elsewhere. This comprised a series of fifty-seven 
patients. M'e have made a special effort in this latter group to determine 
definitel}’' that the operation done ehsewhere was for carcinoma and only those 
cases in which we had definite Ivnowledge that the operation which was done 
elsewhere was for carcinoma have been compiled. In a previous paper, which 
I published in the Pennsylvania Jledicai Jow-nal, Januaiy, 1940, this groan of 
cases was larger. In the present study a number of these patients have been 
reclassified and have been retained in the group of unilateral carcinoma be- 
cause of the lack of definite evidence that the operation done elsewhere was 
for carcinoma. 


The entire group of nonsimultaneoiis carcinoma in this series is 212 cases 
and, when compared with unilateral carcinoma of 6,149 patients of this series, 
is 3.4 per cent. This, hoivever, is the incidence of opei-able carcinoma occur- 
ring in the remaining breast in this series and not the actual incidence of 
carcinoma occurring in the remaining breast as there is probably an equal 
number of cases, if not a greater number, in irhiel? carcinoma of the J-emaining 
breast developed but which are inoperable because of distant metastasis from 
the first side. It has been impossible to determine accurately the percentage 
of this latter group of carcinoma occurring in the remaining breast but it is 
probable that the actual incidence is from 6 to 8 per cent. This percentage, 
while relatively high, does not warrant routine mastectomy of the remaining 
breast but it does indicate the importance of a routine follow-up examination 
on all patients on whom radical mastectomy has been performed for xmilaterai 
carcinoma of the breast. 


The re.sults of the study of the survival rates of women patients who had 
bilateral radical mastectomy for nonsimultaneous carcinoma of the breast in 
which both operations were done at the clinic are shown in Table X. There 
were 155 patients, all of whom were traced. The three-, five-, ten-, fifteen-, 
and twenty-year survival rates of this group were very satisfactory and when 
compared with results of unilateral carcinoma of the breast seem to be better, 
but it must be realized that this is a relatively small group of cases (155) and 
there was a much larger percentage of patients without axillary nodal metas- 
tasis There was also a higher percentage of lower grades of malignancy. 
It must also be remembered that many of these patients live many years fol- 
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lowing the fn-sl operation liefore a eareinonia (lcvelo])s in tlie reniaining breast, 
the longest interval being twonty-oiglit years. These survival rates arc com- 
piled from the date of the fir.st operation. All of these factors intliience the 
survh-al rates. It does indicate that, even though eareinoma docs develop in 
the remaining breast the results may be very satisfactory. 

A study made of patients on whom bilateral radical ma.stcctomy was per- 
formed for nonsimultancous carcinoma of the breast in Avhich either the first 
or second operation had been done elsewhere is shown in Table XI. This 
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comprises a series of fifty-seven cases. The results shoAvn in this study are not 
os satisfactory as those shown in Table X. It is impossible to determine defi- 
nitely the cause for the marked difference of the surviAml rates in these two 
series because the extent as well as the grade of the disease of the side done 
e sewhere is not known but it is probably due to the fact that there was a 
igher percentage of patients in this group ivho had axillary nodal metastasis 
nt the time of operation and the lesions may have been more extensive and 
of higher grade. 

Sinmltaneous . — The results of the study of the three-, five-, ten-, fifteen-, 
end twenty-year surviAml rates of bilateral simultaneous carcinoma of the 
neast are shown in Table XII. This comprises sixty-two patients, or 1 per 
cent, of the entire series. This study shows that in forty-four, or 71 per cent, 
c patients nodal metastasis was found in either or both axillae at the time of 
le radical mastectomy. This percentage is higher than that found in the 
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entire series, Avliich was 60 per cent. No patients who had axillary metastasis 
survived to the fifteen-year period and only 3.3 per cent who had axillaiy 
metastasis survived the ten-year period. There were only eighteen cases in 
Avhich no axillary nodal metastasis Avas found at the time of the operation. 
The results of this series were much more satisfactory than in the group in 
Avhich metastasis Avas present hut CA-en in this group there Avas no patient aa'Iio 
suiwived tAventy years. These re.sults .shoAV the seriousness of bilateral simul- 
taneous malignant lesions, as they are much Jess satisfactory than the general 
results of the entire series and much less satisfactory than the results in cases 
of nonsimultaneous carcinoma of the breast. 
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As examples of vasospastic and eausalgie states comi)]icating trauma, the 
following illustrative cases are cited. 


GAfei; nnpoRTS 

C\sn A SS-jear-old private had a past history indicating a ruthfr unstable emotional 
make up, and Ins adjustment to Army life bad not been lory satisfactory. In f'opleinbcr, 1044, 
tins soldier experienced a sudden sharp pain in fbe right middle finger There was no pre 
nous injury or Known inciting cause. A diagnosis of lenosyiioMtis was made and a lateial 
ineisum on one side of the finger was earned out. It is stated that a droji oj two of pus was 
obtained, but the history is not too dear on this point. The im ision liealed quickly leaving 
a nonadherent scar. Com oniitant with this episode tlic hand Iiecanie cold and sweated pro 
finely. Its eolor lancd from bright pink m a warm einironmenl to Inid on expo uic to tool 
air. Pain was a predominant feature, and prohibited any u«e of the band. Physic-d therapy 
increased tlio pain. Pressure on any part of tlie hand was borne with difficulty and there was 
a continual dull ache which seemed to be situated deep m the palm and occasioiiatl.v shot to the 
elbow. The patient s sloop was interfered with and he became increasingly nonous and ap 
prebensne. He was admitted to this hospital No\. p, lf>44, at whtdi time it was noted, xn 
addition to the findings mentioned, that the tis.sues of the right hand were suol'cn, the normal 
creasess were shallow or obliterated, and the skin was atrophic and shiny. Iho color changes 
were striking, as preuously noted (Pig. 1>. The patient stated that all the fingen felt rtilf 
Limitation of flexion of the finger.s was present. X rays of the right hand (Fig 4) showed 
a moth eaten osteoporosis (Sudeck’s). The patient’s appearance suggested the possibility 
of hyperthyroidism, but iniestigation along this line produced negafne results 

Xo%. I”!, 1944, a noxocaui block of tho right stelliitc ganglion was done The hand 
became warm and pink and remained =o for four houis During this tune the pim was de 
creased, but returned with all it« prcxious intensity. The inqiroxcment with blocking definitely 
implicated the sympathetic nonous system Since the nmelionilion ot symptoms was of 
.short duration, and m view of the patient \ mental state, a permanent interruption of the 
appropriate sympathetic fibers was decided upon in preference to a continuation of noioeam 
blocks. Sy mpatlicctomy was done on No\. 20, 1944. The hand became warm and dry and 
there was a change in the consistency of the soft tissues m twenty four hours. Edema dis 
appeared, the normal creases became deeper, and motion of tho fingers was less lestricted 
(Pig. 3), There was a steady diminution of pain so that in about two weeks normal pressure 
of the hand caused no discomfort and the subjeetnc discomfort was much improxed. There 
was no further radiation of the pain to the elbow. X ray' of tho hand about four weeks post 
operatively (Fig. 4) showed an almost normal bony structure Unfoitunately, the patient’s 
psychoneurotic manifestations showed only slight improvement and he was discharged on a 
Certificate of Disability 


Case 2 — A 22-year old private mangled his loft thumb in a wood rou*cr three years 
before admission to tins hospital on Nov. 21, 1944, The injury resulted in extensive scarring 
of the soft tissues of the thumb with deformity and limitation of motion of this digit The 
hand became cold and moist and presented tho color changes described m Case 1, although 
more severe (Pigs 5 and 6) Pam was an outstanding feature m this case. The hand was 
kept continually m tho pocket to keep it warm and away from trauma The slightest touch 
on tho thumb was unendurable and because of this, use of the hand was prohibited None 
of the modalities of physical tlierapy could be tolerated. On several occasions, novocain 
blocks of the thumb had been done to permit trimming of the nail Xrays showed typical 
Sudeek’s osteoporosis. Infiltration of the tight scar on the thumb with 2 per cent novocain 
enabled the thumb to be moved without pain, but deep piossure was still painful and there 
was no release of vasospasm of the hand. Three successful novocain blocks of the left 
stellate ganglion produced the characteristic changes in tho hand and cessation of pain, bu 
J^efiects fasted only about one half hour. Undoubtedly a sympathectomy should be per 
formed on this patient, following which the desirability of plastic and orthopedic procedures 
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Fig. 3. 


lijrht -^PP^arancc of hancls two weeks prior to operation, showing edema of dorsum, 

‘ nn, nrid fingers; the shiny atrophic condition of skin of fingers is ajiparont. 

^ is. Z — The mottled cyanotic appearance of the right hand is well shown. 

is — Condition of riglit hand one week after right donsal sympathectomy ; the -skm 

d and less shiny, and there is no color difference in tlie two liands. 
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on tlio tluiml) can be evaluated. Ills curdical program is- ^till under consideration. It is note- 
worthy that this patient doe.s not show marked per.soiiality clianpcs e.Ncopt for a rather natural 
tendency to remain withdrawn from others and to play a spectator’s role both at work and 
recreation. 

Case .1. — A private wa.s admitted to this ho.spital on Sept. 28, 1043. duly 2(i, 1943, he 
had sustained compound comminuted fractures of the left tibia and fd)ula and paralysis of 
the common peroneal nerve. There were al.so e.vtcnsive soft tis.sue lacerations and bruising 
in the left calf. At the time of the injury preliminary di-bridenient was carried out. The 
leg \Yas placed in a plaster cast. ’J'he patient was extremely ill and numerous transfusion.s 
were given. There were several changes of plaster. After final removal of the cast, physio- 
therapy was commenced, consisting of mas.sagc, whirlpool baths, and baking. X-rays of the 
ankle showed typical .spotty osteoporosis of the tarsal and metatarsal bones. The ankle was 
swollen and tender to palpation. 



4- — Comparative x-rays of the rigrlit hand. A, Showing- osteoporosis, was taken one 
Pcior to sympatliectoniy. B, showing alntost normal calcification, was made four weeks 
alter sympathectomy. 


As time went on the patient continued to be unable to tolerate weight-bearing due to 
pant. It was noted that the foot was cold, moist, and blue, though arterial pulsations were 
present. There was limitation of motion of the ankle and foot in addition to the effect of the 
peroneal paralysis. One lumbar sympathetic block was done with an excellent response in the 
foot. In view of the long program ahead of this patient, including eventual dissection of the 
peroneal nerve, a left lumbar sympathectomy was done on Feb. 14, 1944. The response to op- 
eration was most gratifying and achieved more than had been hoped for. Subjective im- 
provement in ankle comfort was marked. In about two weeks partial weight-bearing was com- 
menced. Calcium deposition was noted in the bones of the foot. The patient was transferred 
to a neurosurgery center. 


Case 4. — Aug. 4, 1944, near St. Lo, a 33-year-old private first class received a gunshot 
"ound of the left foot, with fractures of the os calcis, cuboid, navicula, and shafts of the 
second, third, and fourth metatarsi. After initial debridement and application of a cast he 
"as evacuated to England, where pulp traction was applied to the second, third, and fourth 
toes. Traction was maintained for six weeks. On Sept. 1, 1944, a new cast was applied, 
-^t this time the wounds were entirely healed. He was admitted to this hospital Nov. 9, 1944, 
"earing a cast. The patient was given a weight-bearing cast, but the ankle continued to be 
poinful. X-rays (Fig. 7) showed a persistence of marked osteoporosis of the distal tibia, 
torsi, and metatarsi. On Feb. 22, 1945, the cast was removed and active physiotherapy started, 
consisting of paraffin and whirlpool baths. The patient was encouraged to walk up to three 
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tliu Ummh and defoinnty of the thumb aie sho'^^n, yitli marked 
li ‘dorsum, the thumb nail has been ano\%ed to gion because of pain caused b. 
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oeu on the fourth finger. 
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miles per day, liut pain was still present and there was swellinj; of the anlde. No improve- 
ment in the osteoporosis was noted. The foot’ was eold, hlue, and usually moist. Occasionally 
it became warmer than its mate, although at .such times it had a dusky hue. Alarch 22, Ih-lS, 
a series of novocain blocks was instituted. After the first block the patient was subjectively 
improved and could walk much better. The foot remained warm and dry for about twenty- 
four hours. After five blocks the appearance of the soft tissues and the patient’s ability to 
walk were sufficiently improved to justify a period of ob.servation. X-rays taken at this time, 
three weeks after the first block, showed greatly diminished osteoporosis (Fig. 8). 

C.\SE 5. — A private first class, .80 years of age, was admitted to the hospital in August, 
1944. His transfer diagnosis was trench foot and, on questioning, it was learned that this 
soldier had been fighting for a period of thirty days in the cold mountainous area of Italy 
without removing his shoes and stockings. The immediate course was typical of trench 
foot with marked swelling of the feet, bleb formation, and pain. The residual .symptoms 
consisted of the usual pain on weight-bearing, but he had marked tingling and showed ir- 
refutable evidence of vasospasm of both feet. A novocain block on the right side on Sept. 15, 
1944, caused the foot to become warm, pink, and dry for several hours and the patient was 
subjectively relieved for the same length of time. Nov. 18, 1944, a right lumbar sympathec- 
tomy was done. The response in the right foot was sati.sfactory and the patient was almost 
immediately relieved of the discomfort. He was insistent upon having the other side operated 
upon. 

This, of eoui’se, is not the constant pictm-e in tlic late stages of trench foot. 
The degree of vasospasm varies and not all cases arc suitable for s.vmpathectomy. 
Each case must be individualized, a period of physiotherapy tried, and test 
bloelts of the sympathetic nervous system carried out. Two of our patients have 
had sympathectomies with complete relief of s.vmptoms in each instance. One 
patient has returned to fuU duty and the other will probably do likewise. 

When reconstructive surgery is indicated in the later repair of the effects 
of trauma, an adequate circulation is an essential in insuring good healing and 
function. Adequacy of the vascular bed is a prime requisite in all plastic pro- 
cedures and it is probable that one should hesitate to perform an arthrodesis, 
bone graft, or other major procedure in an area where Sudeek’s osteoporosis is 
marked and the soft tissues demonstrate the presence of severe vasospasm. It is 
8 relatively simple matter to determine the effect of a temporary block before the 
reparative procedure is undertaken. Decision as to whether a series of novocain 
blocks before and after surgery or a permanent sympathectomy should be done 
Will depend upon the adequaej-^ of the response to one or two test blocks and 
upon the length of the reconstructive program which the patient is to undergo. 
In some instances it may be considered that the reconstructive surgery itself will 
release the vasospasm, as, for example, in amputation of a digit or release of scar 
tissue involving a peripheral nerve trunk. However, when a long plastic or 
orthopedic program is planned, particularly if prolonged immobilization of the 
extremity is necessary, sympathectomy^ is preferable to innumerable novocain 
blocks. 

Case 6. — A private first class, aged 25 years, cut his right hand in a crosscut saw 
lu June, 1944, and sustained compound fractures of the phalanges of the third, fourth, and 
fth fingers and laceration of the flexor tendons of all digits except the thumb. This re- 
sulted in extensive sear contracture of the palm of the right hand with limitation of flexion 
■ind extension of the fingers. On admission to this hospital in October, 1944, the hand was 
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extensor tendons nnd n. sensory liriiucU of the rnditvl nerve. Tliere were chip fractures of some 
of the motacarpi. Tliere was a deep, firm cicatrix neros.s (he wrist witli almost complete loss 
of motion at the wrist joint and complete loss of extension of the fingers. In addition, it 
was observed on admission at this hospital that the dor.sum of the hand was edematous. The 
skin of the entire hand was blue, moist, nnd cold. The patient's discomfort was increased 
on exposure to cold. 

Proper splinting nnd various modalities of jdiysical therapy were carried out over a 
period of weeks in an effort to increase wrist motion nnd improve the circulation. There was 
no real improvement. It was obvious that extensive plastic rejiair of the wrist scar was in- 
dicated and that the extensor tendons would have to be repaired. The plastic procedure was 
advisable as the first step so that good tissues would be prc.'jent for further reconstructive 
surgery on the tendons. Doubt was entertained as to the adequacy of the circulation in the 
recipient area to permit proper healing of the proposed pedicle flap. A dorsal symjuithectomy 
was done in June, lOW, with an excellent effect on the circulation in the hand. The edema 



12. — Plastic surgery carried out after left dorsal sympathectomy ; excellent healing 

resulted. 

disappeared. Subjectively the patient’s hand felt much better. During the following weeks 
function improved at the wrist. A pedicle from the abdomen was transferred to the wrist 
by Major Kerwin Marcks and excellent healing resulted (Fig. 12). The patient was trans- 
ferred to a hand center for further reconstructive surgery. A letter from this patient states 
that he now has almost complete use of the lingers. 

Sympatlietie block or sjTiipathectomy when the main arterial supplj’ of an 
extremity has been interrupted has saved many limbs. Due to the conditions 
whicli often are present at such time, it is usually better to institute novocain 
blocks immediately and await stabilization of the patient’s condition before con- 
templating sympathectomy. The latter procedure may not even be neces-sary 
to prevent gangrene if blocks are caiwied out early and often. 
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of the left femoral artery .1 cm. above the level of ti,e knee joint. TJ.e artery anrl vein rrere 
ligated and a senes of lumbar .^vnipatbetlc blocks was immediately imsfituted and continued 
over a period of day.-. For five days amputation seemed imminent, Imt eollatoral circulation 
developed and no aetun] gimgrom orrurrcl On ndraMon to ihh hospital in September 1944 
tlio patient had a rather marked limp and complained of weakness and numbness in the left 
leg and foot, Tliero were no striking color changes in the left foot but it was cooler than 
tlie right and there nas considerable afropliy of (he calf. There was definite weakness of tlie 
calf muscles, .\fter a thirty-day furlough there «as no change in the patient's condition, 
ifeeholyl lontoplioresi.s -iva.s given three times a week without benefit. In September, a left 
lumbar sympathetic block produced a striking improvement of the circulation in the foot 
In October, a left lumbar .sympatheetomy was done. There was an immediate improvement 
m the patient ’.s subjective sensatioiia in the leg. Strength returned ra])i(llv in the next few 
weeks and the patient was returned to full duty. 




Fig. 13. — The mummifletl condition of the left foot is .shown. There are ischemic ulcers at 

the tips of the first and third toes. 

Case 9. — In. February, 194-1, a private received a perfotating wound of both tiuglis and 
right knee from artillery fragments. The left popliteal artery was severed. Emergency sur- 
gery was carried out almost immediately with ligation of tlie left popliteal artery. No 
sympathetic blocks were performed. Two days later a left lumbar sj-mpathectomy was done. 
Dry gangrene developed, involving the tips of the first, second, and third toes and all of the 
fourth and fifth toe.=. The fourth and fifth toes were amputated in June in the United States. 
On admission of the patient to this hospital the left foot looked almost mummified. There was 
atrophv of the skin and subcutaneous tmsae and the forefoot and toes were stiff (Fig. 13). 
There were chronic ischemic ulcers of the first and third toe.'-. The foot, however, was 
and dry ^fter a peiiod of treatment with paraffin and galvanic baths tiiere was practieatJy 
no improvement, and the patient was transferred to an amputation center for evaluation. 
JIa.yiraum vasodilatation had been achieved in this case by the sympathectomy. 

The inclination is to believe that the two-day interval between the injury 
sympathectomy may explain the gangrene, since it is likely that in tins time there was en 
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damnge to tlie soft tissues of tlie foot from iselicniiu so tluit arteriolar dilatation, wlien aeliieved, 
was too late. Of course, it is ]ioss)l)le that without symi)athectoiuy in tliia e.asc more tissue 
would have been lost than will now he the ease. • 

Some interest has recently been aroused in the ]m.ssibilities of subjecting 
acute injuries of tlie extremities to early .syinpafbetic interruption, usually b.y 
novocain block, the rationale in this treatment lieing the immediate improve- 
ment in the circulation with resultant i-cduction of edema and an earlier retui-n 
of the soft tissues to a normal state. The delayed effects of .sucli therapy have 
yet to be evaluated, but it is entirely possible that the disability from crushing 
injuries about the wrists and ankles may be reduced due to an early lessening 
of edema and prevention or lcs.sening of osteoporosis. The boggy, cold, and 
painful ankle which follows a Pott ’s fracture is well known. Disability of twelve 
to fourteen weeks or longer is anticipated with this fracture, due not so much 
to failure of bony union as to soft tissue changes with mild or severe vasospasm 
and osteoporosis of varying degrees, with pain and swelling on weight-bearing. 

^Vork along this line was carried out in a neighboring station hospital where 
many acute injuries were seen. Tlie )-esults of this investigation Avill undoubt- 
edly be reported in the near future. Fi’om our own small series of acute in- 
juries treated in this manner, two representative eases are presented here for 
■'illustration. 

Case 1. — private, 20 years of age, wa.s admitted to (lie iio.opital on April 1, 1.045, 
having sustained a fracture of the right ankle eight hour.s previously. He had walked about 
one-half mile after the accident and at the time of entry there was brawny edema of the foot 
and ankle and pronounced ecchymosis. X-rays revealed a fracture of the tip of the external 
malleolus and two fractures of the tibia! malleolus. A satisfactory block of the left lumbar 
ganglia was obtained and as soon as vasodilatation occurred the patient found that he could 
voluntarilj' move his ankle in all directions without pain. Painless reduction of the fracture 
was obtained without further anesthesia and a nonpadded cast was applied. On the follow- 
ing morning, thirty-six hours after the injury, there Avas wrinkling of the toes, indicating a 
lessening of edema. Three subsequent daily- lumbar blocks rvere performed. One week after 
the injury- the cast seemed somewhat loose and it was, therefore, removed. The ecchymosis 
Avas still severe, but in other areas the edema of the foot and ankle Avas greatly- reduced. 

Case 2. — A sergeant from the reconditioning section sustained a scA-ere sprain of the 
right ankle on April 5, 1945. There were swelling and ecchymosis about the extemal malleolus 
and tile patient Avas unable to bear his full Aveight on this side. A lumbar sy-mpathetic block 
AA-as performed and there Avas immediate reduction of pain. He Avas able to Avalk Avithout help. 
An elastic bandage' Avas applied and the patient told to remain in quarters. Two hours later, 
hoAvever, he engaged in a game of baseball and played five innings. 

For full evaluation of the results of this treatment in such cases, a prolonged 
follow-up of numerous cases is necessary. It is conceivable, especially in the 
fracture cases, that, in addition to the immediate improvement in discomfort 
and swelling, some of the late effects may be avoided. There might be a lessen- 
ing of osteoporosis and vasospasm in the later course wdiich would result in an 
earlier resumption of function. 

SUMMARY AND DISCUSSION 

Novocain block of the sympathetic outflow and permanent sympathectomy 
have been discussed in relation to three main categories of post-traumatic con- 
ditions, comprising; 
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(1) Post-traumatic painful and vasospastic states with or without Siideck’s 
painful osteoporosis. In tliis group are included those patients needing recon- 
structive siu'gery in an area where the circulation is dangcrou.sly decreased. 

(2) Injuries of tlio main arterial supply of an extremity. 

(3) Acute injuries, particular!}’- fractures and crushing injuxaes of the 
lumds and feet. 

Illusti’ative cases in all three groups are described where some form of 
.sympathetic inteiTuption was carried out. It is pointed out that a lai’ge per- 
centage of patients who have sustained injuiies of the extremities have pro- 
longed pain and disability, often associated with va.sospasm and osteoporosis, 
and that in these individuals permanent or repeated tcmpoi’ai'y interruption of 
the sympathetic outfloxv often results in a reduction in discomfort, malfunction, 
and prolonged hospitalization. IrVhere extensive plastic or orthopedic procedures 
are contemplated, vasospa-sm and severe osteopoi-osis should be corrected prior 
to I'cconsfruetive sui’gexy. Though application of these principles early in the 
presence of acute injuries of the hands and feet has not been given extensive 
trial, there is I'oason to believe tJiat a reduction of both the early and late results 
of ti’axmia to the soft tissue and bone may be achieved by sympathetic paralysis. 

In view of the large pi'oportion of individuals who show vasospastic changes 
after trauma of the extremities, it behooves the medical profession to be on the 
alert to discover and treat those manifestations. 

After prolonged immobilization of an exti-emity in plaster there is usually 
a diminution of the blood supply, resulting in a cold hand or foot. The extrem- 
ity may also show varying degrees of cyanosis. If this condition does not im- 
pi-ovc promptl}' in three or four days of active physical therapy, one novocain 
block of the appropriate sympathetic fibei’s may suffice to relieve the condition. 
If, howevex’, the condition returns and vasospasm is clearly present, particularly 
if accompanied by osteoporosis, a series of blocks should be given, making one or 
two injections per week. If sufficient permanent improvement does not result 
after five or six blocks, and if thei-e is the usual pain and swelling on weight- 
bearing, much valuable time will be saved if a permanent sympathectomy is 
performed. This is done only if tlie test blocks have been shoxvn to give tempo- 
rary relief. 

Pi’obably a reduction of disability could be achieved if vasospasm and osteo- 
porosis were looked for during the period of immobilization and blocks carried 
out where indicated. 
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ABDOi\IINAL APOPLEXY SECONDARY TO RUPTURED 
“CONGENITAL” ANEURYSM 


]\ruLTiPLE Aneurysms of the Inferior Pancreaticoduodenal Artery 

With Rupture of One 

Thomas A. Shallow, ^l.D., Peter A. Herbut, jM.D., and 
Frederick B. Wagner, Jr., j\[.D., Philadelphia, Pa. 

(From the Samiiet B. (rvose Surgicol Bifision otul Clinical Laboratories of the Jefferson 

^^cllieal College Hospital J 

T he spontaneous rupture of a incdium-sized intra-abdominal blood vessel 
independent of trauma, malignant tumor, or ectopic gestation has been 
termed “abdominal apoplexy.” Although the rupture of an arteriosclerotic 
vessel is the usual cause of this rare condition, Bruce* in 1937 suggested that 
the rupture of a small “congenital” aneurysm might be responsible in some 
cases, particularly in the earlier age groups. Schuster^ (1937) shortly there- 
after described multiple aneurysms of the splenic arteiy which she believed were 
of congenital or developmental origin in a case of familial hemorrhagic telan- 
giectasia. Nevin and Williams’’ (1937) described a case of massive spontaneous 
intraperitoneal hemorrliage due to rupture of a “congenital” splenic aneurysm 
associated with multiple aneurysms of the branches of the circle of Willis. It 
is the purpose of this paper to report another case, which bj' its instructive 
histologic picture adds further support to the concept of aneurysm secondary 
to congenital defect in the arterial wall, and to discuss the recent literature on 
this subject. 

CASE report 

J. O., a white man, aged 50 years, was admitted to the ward surgical service of the 
Jefferson Medical College Hospital on Dec. 25, 19-13, with the chief complaint of epi- 
gastric pain. 

For the past several years the patient had occasionally experienced a burning sensa- 
tion in the epigastrium about two Iiours after eating, relieved by the taking of alkali. At 
8 P.ii. on Dec. 24, 1943, he experienced sudden, moderately severe, continuous, epigastric 
pain radiating straight through to the back, associated with slight nausea. The pain per- 
sisted throughout the night, preventing sleep. The following morning he drank a glass of 
milk which was promptly vomited. Because the pain failed to subside he made his way 
to the hospital at noon and upon arriving grew faint and collapsed, but did not lose 

consciousness. 

Systemic review, past medical history, and family history contributed nothing of 
significance. 

Physical Examination . — The patient appeared apprehensive, pale, and slightly cyanotic. 
The skin was cold and clammy. Temperature was 97° F. ; pulse, 120; respirations, 26; 
blood pressure, 70/40. Tlie pupils were of equal size and reacted to light and accommoda- 
tion. The heart and lungs were essentially' normal. On abdominal examination there was 
no limitation of diaphragmatic excursions. There was moderate tenderness, but no rebound 
tenderness, in the epigastrium and slight upper rectus muscle guarding. Peristalsis was 
norm al. Rectal examination was negative. The extremities were normal. 

Received for publication, Nov. 21, 1944. 
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Tlic cliiiicnl (lingno-stic impre'S'iions on aflmission %\are penetrating peptic ulcer or 
acute panercatifi'i. 

Lahomtori, Starfu-e.— Uemoglobin was 8-1 per cent; red blooil cells, 4,100,000; white 
blood celK, 1:1,400; coloi index, 1.02. Urinaly.sis xsas normal. Wa'-seimnnn and Kahn 
serologic studies were negatne. The blood urea nitrogen was 1 t.o mg.; sugar, 73 mg.; 
serum proteins, 5.2 Gnt.; and scrum amxla«e, nornmb A plain roentgenogram of the 
abdomen was normal. 

Fnrlhcr Prof!rcs<^. Following tho intraxenous administration of concentrated plasma 
and tiuids, the patient's condition impioxed and the blood pressure rose to 120/90, Wan- 
gensteen suction was instituted. The pain diminished, at no time requiring medication for 
relief, and the abdominal tenderness and muscle guarding gradually subsided. Because of 
the marked unproxement, oonscnatnc therapy was continued. The following day the 
temperature was normal; pulse, 100; hemoglobin, 7l per cent; rod blood cells, 3,500,000; 
and white cell count, 0,000. At this time 500 c.e. of whole blood were administered. The 
patient continued to improio, was pain free, and except for a fluctuation of temperature 
between normal and 101” F. appeared to be in excellent condition. 



jr),, 1 nross socciinen, showinsr the superior mesenteric and inferior pancreaticoduo- 

denal arteries AVrows point to the ruptured saccular aneurj'sm at the first hifurcation 
Note the extravasated blood in the vicinity of the vessels 


At 9 P.M. on Dec. 29, 1943, the patient again complained of epigastric pain accoin 
laniccl by a feeling as if something hnd broken, and went into the same sliocklike state 
IS on admission. Blood count at this time revealed a hemoglobin of 71 per cent; red blood 
•ells 3 000 000; and wdute cells, 12,000. The sedimentation rate was 36 mm. xvithin fort.T 
ive minutes. The pulse was 120, blood pressure, 94/60, and the abdominal findings as on 
idmission. He again improved following the administration of plasma and fluids mtra 
.cunuslv It was thought at tins time that the patient might have a dissecting aneurysm 
ef the Abdominal aorta. At 6 a.w. on Dec. 30, 1943, he again went into shock and died. 

Post-mortem, Bxammatim . — 

Gross- The peritoneal cavity contained approximately 1,200 cc. of fluid and Jt 
blood. In 'addition, there was extensive hemorrhage into the retroperitoneal tissue of 
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upper nbdomeii, purticularly into the pancreas, transverse niesoeolon, niul around the upper 
portion of the aorta and right kidney. The licad of tlic pancreas contained tlie grcate.st 
amount of hemorrhage and was jiartially destroyed by’ it. 

TIio inferior pancreaticoduodenal artery, arising from tlie superior mesenteric, pursued 
a normal course for R cm. until its first bifurcation. At this point there was a sacculated 
aneurj’sra about -t cm. in diameter, the ostium of which incasnred 1 cm. in length imd ti 
mm. across (Fig. 1). It was filled with a gray, laminated, antemortem clot and was in 
direct communication with the hemorrhagic material distributed throughout the pancreas 
and elsewhere. In the peripheral portion of the same artery there were three fusiform 
dilatations, not in relation with bufurcalion angle.*-. 'I'lie lumens of two of these were 
ragged and contained antemortem blood clot. The remainder of the me.'-entoric artery, 
the celiac a.xis with its branches, and the portal vein were normal. 



.Eig. 2. — Inferior penereaticoduodenat artery distal to the ruptured saccular aneurj-sm, 
a defect in the intima, internal elastic lamina, and all but the outer portion of the 
intnra’ I the partial covering- of the inner portion of the media to the right by the 

tho elastic lamina, the presence of a few elastic fibrils in the floor of the detect, and 
v.iti. inflammation in the adventitia and surrounding tissue. Elastic tissue stain 

"nil van Gieson counterstain (xlOO). 

The aorta and pubuonaiy vessels contained a smooth glistening intimal surface 
throughout. The lieart was essentially normal and the coronary arteries showed moderate 
arteriosclerosis but no occlusions. The basilar vessels of the brain did not show any 
atherosclerosis or small aneurysms. 

Histologic TSxamination: The entire infeiior pancreaticoduodenal artery was blocked 
and several sections taken from each block. They were stained ivitli hematoxylin and eosin 
and with Weigert’s elastic tissue stain, using picric acid and acid fnchsin as counter stain. 
In the following description they are considered in the order in whicli it is thought the 
lesions evolved. 

Sections of the main portion of the vessel just beyond the large aneurysm disclosed a 
small defect in the intima, internal elastic membrane, and all but a small rim of the outer 
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portion of the media (Fig. 2). One .side of the defect .showed a grndnnl attenuation from 
\Mthin out, while the other was more abrupt. The inner half of the media of the latter was 
covered with both the intima and the internal elastic membrane. The outer half of the 
media on this .side was covered with a few cdeniatoiiB fibroblasts. Onlv a fraction of the 
inner portion of the media on the oppo.sifc side of the defect was covered with the internal 
elastic membrane. The rest was bare. The floor and base of the defect consisted of a very 
thin strip of the outer portion of the media in which there were a few ela.stic fibers The 
adventitia and surrounding connective tissue were normal, showing no inflammation or 
hemorrhage. In the outer quarter of tlic media on each side of the defect there was some 
erythrocytic extravasation. Elsewhere the media and the remaining coats of the vessel were 
normal. 



Fig. 3. — Section of one of tlie distal .meurj'smal dilatations, showing a sudden termina- 
tion of the intima and internal eimstic lamina and a gradual attenuation to complete dis- 
appearance of the media. The floor of the defect is filled with recently coagulated blood. 
Elastic tissue stain with van Gieson countersfain (X50). 

In another area there were two similar but more superficial and saucerlike defects in 
the vessel separated from each other by a small island of relatively normal wall. These 
defects differed from the former in that (1) the walls showed a more gradual slope, (2) the 
outer third of the media was still intact and formed the floor, and (3) the adventitia and 
surrounding connective ti.ssue were replaced with recent granulation tissue composed of fibro- 
bla.sts, capillaries, and varied numbers of plasma cells, lymphocytes, and polymorphonuclear 
leucocjdes. Furtlier out there was extensive extravasation of erythrocytes. 

The walls of the distal aneurysmal dilatation-s were similar to those previously described 
with the exception that in each the edges of the defects were widely separated; all the 
media had disappeared and the concavity was Riled with varying amounts of recently coagu- 
lated blood (Fig. 3). 

The wall of the aneurysm at the first bifurcation disclosed a sloping defect in its coats 
.similar to those already described. This gradually disappeared in a mass of extravasated 
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blood, Sections of llie wall of tlic poripbernl portion of tliis uncuTvsin disclosed no Tcninanta 
of a vessel. They wero composed of extensive erythrocytic extravasation throughout the fat 
and connective tissue with only occasional islands of granrdation tissue. Sections of other 
vessels in the vicinity of this pancreaticoduodenal artery and of the inferior pancreaticoduo- 
denal artery in twelve consecutive autopsies disclosed no pathologic changes. 

DLSCUSSION 

Although gi'ossly the only changes seen in the artery were a ruptured sac- 
cular aneurysm at the first bifurcation and three small fusiform dilatations in 
the more distal portions of the vessel, the microscopic sections disclosed a defect 
along its entire course. The many sections furthermore showed various degrees 
of involvement and so permitted the following reconstruction of the probable 
train of events. Originally there was a congenital or developmental defect 
along the entire course of the artery consisting of what appeared to be a com- 
plete or partial failure of fusion of the media. At first this defect was most 
likely covered on its inner surface with the internal clastic membrane and the 
intima, but as the vessel was sti-etchcd these coals were broken, leaving a por- 
tion of the media and the adventitia or in some areas the adventitia alone to 
form the entire remaining wall. That the internal clastic membrane and the 
intima did at one time cover the defect is given some support by finding the 
former still covering a portion of the defect in some of the sections (Fig. 2). 
Where the dilatation of the artery was minimal, as in tire distal three aneurj^sms, 
the defects were filled with recently coagulated blood. "Where the dilatation 
was so great as to cause a complete break in the adventitia, as in the aneurysm 
at the first bifurcation, there was massive hemorrhage not only irrto the imme- 
diately adjacerrt tissire and along tire vessel birt throrrghorrt the retroperitoneal 
space. The orrset of the hemorrhage was apparently coiircident with the first 
attack of pain about five and one-half days before death. Proof of this is seen 
m the recent periarterial granulation tissue observed in most of the sections. 

Anerrrysms of branches of the abdominal aorta, regardless of type, are 
rare. Prom the literature and their own experience, Malloy and Jason^ (1942) 
collected eighty-five cases of hepatic artery aneurysm ; Machemer and Fuge® 
(1939), eighty -four cases of the splenic; and Lowsley and Cannon® (1943), 
seventy-five eases involving the renal artery. Single and multiple aneurysms 
unassociated with inflammatory or degenerative change have been reported, but 
unly in the cases of Schuster- and Nevin and "Williams® was a medial defect 
at the bifurcation angle described. On the other hand, intracranial aneurysms, 
uiost frequently the so-called “congenital” type, are found in 0.8 per cent of 
^ 1 post-mortem examinations according to Pearnsides’ and in 1.5 per cent 
according to Schmidt.® 

The concept that single or multiple aneurysms might in some instances be 
ue toji congenital defect in the arterial wall was first introduced by Eppinger® 
m 1887. This concept was investigated by Porbus®” (1930), >vho demonstrated 
c association of miliarj’^ aneurysms of the superficial cerebral vessels with a 
araeteristie defect in the tunica media at the angle of bifurcation of the 
aiteries. This muscularis defect ivas shown to date from embryonic life. Dur- 
’ug development, the main trunk of the vessel receives its muscular coat at an 
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earlier period Ilian the branches. The corresponding coat of the branch is then 
ormed not as a direct extension from the parent trunk, but .separately as a 
condensation Jrom the surrounding mesenchyme. Fusion of the coats at the 
angle of origin of the branch may be faulty and thus result in an area of con- 
genital focal weakness in the vessel wall. Porbus did not conclude that the 
aneurysm in its fully developed state is a congenital malformation per sc, but 
an acquired lesion arising from a combination of focal weakness in the arterial 
wall on the basis of a congenital muscular defect, and degeneration of the in- 
tciiial elastic membrane as the result of continued over.strctching of this mem- 
bi'ane. 



FIk. 4. — Section of a cerebral artery, sliowintr the ela.stic tissue almost entirely concentrated 
in the internal elastic lamina. Elastic tissue stain yitli van Gieson counterstain (XoO). 


Developmental defects of the media at the angles of arterial bifurcation 
are relatively frequent in cerebral, coronary, pulmonic, abdominal, and other 
medium-sized vessels, but the incidence of associated aneurysms is greatest by 
far in the cerebral ones. Glynn’* (1940) stated that in thirty-seven out of 
forty-seven nonanein’ysmal cases (approximately 80 per cent) there was a de- 
fect in the media at the angle of bifurcation of cerebral vessels, and he there- 
fore questioned the etiologie relationship between these defects and aneurysms. 
He attempted to demonstrate by means of simple inflation experiments with 
vessels bearing natural or artificial medial defects that the internal elastic 
lamella is of greater relative importance in maintaining the form of the cere- 
bral arteries. He concluded that the greater frequency of these aneuiysms m 
the circle of Willis must be due to a difference in the topography of the elastic 
tissue of these vessels. According to this author as well as others (Hackel,*‘ 
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Cobb and Blain’-'*), in cerebral vessels almost the whole of the clastic tissue is 
concentrated in the internal clastic lamina (Fip. 4), and by reason of this 
position is probably more snsee])lible to injury and degeneration than if it 
were more widely distributed through tlic media and adventitia as in other 
vessels (Fig. 5). 

Eicbardsou and Hyland" (1941) in an exhaustive study of intracranial 
aneurysms stated that the medial defects are probably developmental and 
play a role in tlie formation of aneurysms, Init that tliere is in addition an 
unrecognized acquii'cd lesion eau.sing degeneration of clastic tissue. They 
conclude that at present complete knowledge as to the cause of these aneury.sms, 


frequently referred to as "miliary," 


"berry,” "bifurcation,” "oongenital,” 


or "developmental,” is lacking. 



®,-~-S®otion of a mesenteric artery, showing the elastic tissue concentrated in the 
external elastic lamina, and also dispersed throughout the media. Elastic tissue 
stain with van Gieson counterstain (X50). 


^ The case of Nevin and Williaraus^ represents the first in the literature in 
which massive intrapevitoneal hemorrhage is reported seoondary to rujiture 
of an aneuiysm of an intra-abdominal vessel associated with a defect in the 
medial coat at the bifiu’cation angle. The present report represents a second 
case in which the aneurysm may be designated as "congenital” or develop- 
mental because of its multiplicity, location at the bifurcation angle of a medium- 
sized artery, small size, and association with a defect of the muscularis. 

The case of Budde,'^ in which bleeding occurred fram a side bi-aneh of 
m left gastroepiploic artei'y, must be excluded from the group under dis- 
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cussion since no definite aneurysm was visualized, a section of the vessel was 
not removed, and the cause was undetermined. The only reference we could 
find to aneiiiysms of the inferior pancreaticoduodenal artery was that of 
Bortolozzi’® who described an unruptured fusifonn arteriosclerotic aneurysm 
of this vessel discovered post mortem in a patient who died of carcinoma of 
the head of the pancreas. 

The clinical features of abdominal apoplexy have recently been reviewed 
by Berk, Bothschild, and Doane.’’ Their anal.vsis of twenty ea.ses revealed 
nothing pathognomonic in either the symptom.? or signs that would permit 
the diagnosis with certainty. Tlie u.sual findings consist of abdominal pain, 
signs of peritoneal irritation, and the genci-al manifestations of internal hemor- 
rhage. All these featui-es were present in our case, but the lesion was not 
diagnosed, since the possibility of its existence was not considered. Ligation 
of the bleeding point was employed in 80 i)er cent of this .series, with recovery 
in 69 per cent. The prognosis is excellent if a definite bleeding point can be 
found, since in no case was tiicre a I'ccurrencc reported following operation. 

SUMMARY 

1. A ease of abdominal apoplexy .secondary to rupture of one of multiple 
“congenital’’ aneurysms of the inferior pancreaticoduodenal artery is reported. 

2. A “congenital” aneurysm is characterized by its frefjuont multiplicity, 
small size, location at the bifurcation angle of a medium-sized artery, and 
association with a defect in the muscularis. 

3. The clinical feature.s coirsist of abdominal pain, signs of peritonea! 
irritation, and the general manifestations of internal hemorrhage. 


COXCUU.SIO.V.S 


1. l\Iassive intraperitoneal hemorrhage resulting from the rupture of 
“congenital” aneurysms of branches of the abdominal aorta is exceedingly 
rare in comparison to the analogous condition in cerebral arteries. 

2. The rupture of a “congenital” aneurysm should be suspected when 
abdominal apople.xy oecure in patients witliout marked arteriosclerosis or 
hypertension. 

3. Early operation, w'ith excision of the aneurysm, would seem to offer 
the best chance of recovery. 
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eussion since no definite aneurvsm was visualized, a section of the vessel was 
not removed, and the cause was undetermined. The only reference we could 
find to aneui-j-sms of the inferior pancreaticoduodenal artery was that of 
Bortolozzi’® who described an unniptured fusiform arteidosclerotie aneurysm 
of this vessel discovered post mortem in a patient who died of carcinoma of 
the head of the pancreas. 

The clinical features of abdominal apoifiexy have i-ecently been reviewed 
by Berk, Kotlischild, and Doane.’" Their analysis of twenty ca.ses revealed 
Jiothing pathognomonic in either the .s.vmptoms or signs that would permit 
the diagnosis with certainty. The usual findings consist of abdominal pain, 
signs of peritoneal irritation, and the general manifestations of internal hemor- 
rhage. All these features were present in our case, but the lesion was not 
diagno.sed, since the possibility of its existence was not considered. Ligation 
of the bleeding point was employed in 80 ])cr cent of tliis series, with recovery 
in 69 per cent. The prognosis is excellent if a definite bleeding point can be 
found, since in no case was there a recurrence reported following operation, 

SCMJIARY 

1. A ease of abdominal apoplexy secondary to rupture of one of multiple 
“congenital” aneurysms of the inferior pancreaticoduodenal artery is reported. 

2. A “congenital” aneurysm is characterized l)y its frequent multiplicity, 
small size, location at the bifurcation angle of a medinm-.sized artery, and 
association with a defect in the muscularis. 

3. The clinical features consist of abdominal pain, signs of peritoneal 
irritation, and the general manifestations of internal hemorrhage. 


CONCLUSIONS 


1. Massive intraperitoneal hemorrhage resulting from the rupture of 
“congenital” aneurysms of branches of the abdominal aorta is exceedingly 
rare in comparison to the analogous condition in cerebral arteries. 

2. The rupture of a ‘'congenital” aneurysm should be suspected when 
abdominal apoplexy occui’s in patients without marked arteriosclerosis or 
hypertension. 

3. Early operation, Avith excision of the aneurysm, would seem to offer 
the best chance of recovery. 
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Pciiicillhi Levels in Blood, Blenral, and Sx>i>ial Fluids. — Blood, levels deter- 
mined from time to time upon patients receiving penicillin at three-hour inter- 
vals by intramuscular injection and by constant intravenous and subcutaneous 
drip were comparable to those reported by othersd’ ” 

The instillation of 40,000 units of penicillin intrapleurally in cases of em- 
pyema yielded levels of 2.5 to 9.9 Oxford units per cubic centimeter in the 
pleural fluid twenty-four hours later and therapeutic amounts of the agent per- 
sisted for five days after the initial instillation. Intramuscular injections of 
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Pie. 1. — Sensitivity to penicillin of streptococci and staphylococci from present series. 


60.000 units of penicillin at three-hour intervals produced levels of .156 to .312 
units per cubic centimeter in a tuberculous pleural effusion. Howevex*, in the 
pus of established empyemas, intramuscular dosages of 25,000 units every three 
hours achieved insignificant penicillin concentrations (0 to .078 Oxford units). 

Spinal fluid assays in ten patients undergoing parenteral therapy up to 

480.000 units a day for other than central nervous system infections revealed 
the merest traces of penicillin. On the other hand, intrathecal injections of 

10.000 to 20,000 units were followed by fluid levels of from 5.0 to 19.0 units 
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per cubic centimeter twelve hours later and by levels of 0 to 2.45 units (aver- 
age 0.69) twenty-four hours later. The lumbar route of injection is the sim- 
plest and is usually adequate. The drug in two eases was observed to pass 
freely fiom the spinal into the interventricular fluid. In an earlier ease/^ 
however, this passage failed to occur. Also, we ha\'e clinical reasons to believe 
that in some eases cisternal injections are more effective than the lumbar.” 

In one early peritonitis, fluid assay revealed .039 units one hour after 
40,000 units penicillin were injected intramuseularl.v. 

-VN'ALYSIS OF CLT.NUC.VL JIATEKIAL 

The analysis of clinical material covers 255 conditions in 220 patients for 
which penicillin ti’catmcnt Avas administered. The eases to follow have been 
classified as disea.se entities and .surgical or medical problems rather than accord- 
ing to the organisms cultured. 

Soft Tissue Infections , — 

Carbtindes and furuncles (13 eases): The morbidity of carbuncles and 
funmcles has been markedly reduced from that to be expected Avith sulfonamide 
therap.A'. The number of days until the lesion Avas nearly healed averaged 9.25 
days for the carbuncles and 10 days for the furuncles. That external applica- 
tion of penicillin is of no benefit in these infections is Avell illustrated by the 
ease of a young aviator treated for furunculosis of the scalp by local applica- 
tions of penicillin in tragacanth jelly (250 units per cubic centimeter). The 
lesions soon reached such alarming pr-oportions that intramuscular injections 
of 15,000 units every three hours Avcrc started. Within forty-eight hour? the 
furuncles had molted doAvn to tiny crusted papules. ' 

In a number of instances it AA’as observed that the carbuncle or furuncle, 
especially Avhen the patient A\'as given a heavy initial dose of penicillin, Avithin 
tAventy-four to thirty-six liours became more angry, SAAmllen, and painful, the 
patient often feeling more toxic than before. There Avould then, AA'ithin the 
next fcAV hours, folIoAV sAvift regression of the lesion, usually Avith suppuration 
and relief of pain. We have interpreted this Herxheimer-like reaction as 
possibly a clinical indication of a definite lysis of the staphylococcus and 
liberation of its endotoxin. 

In no instance Avas it necessary to incise and drain a penicillin treated car- 
buncle or furuncle. Eapid liquefaction and spontaneous drainage invariably 
occurred. Our only interference Avas to pluck out the necrotic slough Avhich 
formed Avith unusual rapidity. 

Cellulitis and abscess of soft tissue in general: In a group of tAventy cases 
our clinical appraisal in comparison Avith Avhat might have been expected vrith 


sulfonamide drugs Avas as folloAvs : 

Result equal to sulfonamides 5 

Result superior to sulfonamides 10 

Exceptionally good result 4 

Failure ^ 
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Five times in this series penicillin overcame an infection after sulfonamides 
proved ineffectual. The one failure in the group was in a ease of peculiar mul- 
tiple burrowing sinuses of the arms and legs which baffled all diagnosis and 
treatment. 

Cases 1, 2, and 3 from this group were of particular interest. 

Case 1. — Chronic ulcers of the toes in a patient uith thromboangiitis obliterans, that 
had for months resisted all other treatments, he.'ilcd in two weeks under penicillin. 

Case 2. — A lery severe cellulitis with abscess formation of the left cheek (see Fig. 2) 
which had grown progressively worse on adequate sulfadiazine theiapy rapidly resolved 
under local tieatment,_ consisting of aspirating the pus (containing alpha streptococci and 
Staphylococcus alhvs) and injecting locallj', through the same needle, 25,000 units of peni- 
cillin on six occasions. 




Fig. 2. — Patient (Case 2) w'lth severe cellulitis of face, not of salivary or osteomj elitic 
wigin ; temperature ranging from 101 to 102° F. A, At start of local penicillin therapy, 
-Dj on fourth day of local penicillin therapy. 


Case 3. — A patient wdth diffuse subcutaneous abscesses of several ftngers liai bored 
Ivighly penicillin susceptible staphylococci. In spite of penicillin dosages increased to 40,000 
units intramuscularly every three hours, no response was obtained until multiple incisions were 
performed releasing pus under tension. Once drainage was established, the infection quickly 
subsided. This illustrates the impotence of penicillin against infection involving pus in 
closed spaces, however small. 

Infected operative luounds: Seven cases of infected operative wounds in- 
clude three inguinal herniorrhaphy wonnds, a bilateral radical upper neck dis- 
section, a laparotomy wound, a large secondarily closed wound of the hip, and 
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a primarily closed pilonidal sinus wound. With the exception of the pilonidal 
excision wound, all healed solidly and essentially per primam ndthin an eighteen- 
day average, after one or two skin stitches had been removed to allow escape of 
pus. Staphylococci were isolated from four of these and hemolytic streptococci 
from the other two. 

The pilonidal wound infected with staplndocoeci and a higlily resistant fecal 
streptococcus proceeded to complete breakdown while receiving 120,000 units 
of penicillin a day. 

Threatened and csiahlished cavernons sinus ihro^nhosis; Six eases are sum- 
marized in Table I. It will be observed that four cases, alt]]ough not full bloum, 


T.VBLE T. PeKICFLUX IX Tnr.EATEXEO AXD ESTABLISUFD CaVERNOO.S SiNDS TnROilBOSIS 


CASE 

SO. 

AOE 

BIAGXOSIS 

BACTF.niOLOOY 

PENI- 

ctous 

BESVhTS 

1 

24 

Tlireatened cavernous 
sinus thrombosis, 
left, following 
nasal operation 

Beta hem. Str. 
coagulasc 
positive; hem. 
Staph, aureus 

380,000 

U. in 3 
days 

Worse after 48 hr, on 
sulfa; rapid sub- _ 
sidence under peni- 
cillin 

2 

26 

Threatened cavernous 
sinus thrombosis 
from furuncle, left 
nostril 

Blood stream 
and wound; 
hem. Staph, 
aureus 

4,060,000 
IT. in 22 
days 

Worse after 36 hr. on 
sulfa; pulmonarj' 
infarcts, subsided 
without residuals 

3 

26 

Threatened cavernous 
sinus thrombosis 
from frontal sinus- 
itis 

ITem. Staph, 
aureus; Beta 
licm. Str, 

1,963,000 
U. in 10 
days 

Orbital cellulitis sub- 
sided by 4th day 
and frontal sinus- 
itis by 9th day 

4 

20 

Tlireatened cavernous 
sinus thrombosis 
from ethmoiditis 

Ethmoid sinus; 
Pneumococcus 
type 10 

2,225,000 
U. in 9 
days 

Orbital cellulitis sub- 
sided by 4th day 
and apparently uas 
cured by 10th day 

5 

20 

Cavernous sinus 
thrombosis, left; 
fungus infection of 
skin 

Blood culture; 
negative nos- 
tril; hem. 

Staph, aureus 
coa^lase 

4,890,000 

U, in 16 
days 

Sinus thrombosis 
cured but died 
from uncontrollable 
■fungus skin ulcera- 
tions 

6 

19 

Cavernous sinus 
thrombosis and 
multiple brain 
abscesses 

positive 

Hem, Staph, 
aureus ; 
anaerobic Str. 

015,000 

U. in 1 
day 

Moribund with sepsis 
both of brain and 
of sinus; died 


were called "threatened cavernous sinus thrombosis” by the ophthalmologic con- 
sultants because of early papilledema, ophthalmoplegia, or both, along with the 
marked orbital cellulitis and conjunctival edema. One patient (Case 2), shown 
in Fig, 3, had a positive staphylococcus blood culture and several pulmonary 
infarcts. Patients (Cases 5 and 6) with established cavernous sinus thrombosis 
died. One (Case 6) also had multiple brain abscesses and was moribund on 
entry. Another (Case 5) at the outset received 90,000 units of penicillin by 
intravenous drip. His condition growing rapidly worse, the dose was increased 
to 360,000 units daily and heparin and dicoumarin were given. Thereafter the 
major’infection regressed satisfactorily. Then, after sumiving the cavernous 
sinus thrombosis, he developed multiple rapidly necrotizing ulcerations of the 
face groin and thighs to which he finaUy succumbed. Repeated ciiltures, 
aerobic, anaerobic, and for fungi, revealed only Staph, albus and a fungus 
“rarely pathogenic to man,” Goraphaneria Petrosoi. 
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Penicillin as Adjunct to Su7-gical Procedures . — 

In extensive clean or in contaminated opci'ativc cases: The sixteen cases 
include the following. 

Nine patients with radical block dissections of the neck received 160,000 to 
200,000 units dailj" with average total of 1,700,000 units. One liundred twenty 
thousand units daily would probably have sufficed. All healed per primam; 
none developed more than slight amount of fluid beneath the skin flaps; one 
developed marked facial edema and two moderate edema ; one developed tempo- 
rary minimal wound infection. A nonti’cated neck dissection during this period 
developed a severe streptococcal wound infection. 



A B. 

Fig' 3. — Patient (Case 2, Table I) with threatened cavernous sinus thrombosis, staphylo- 
coccemia, and multiple pulmonary infarcts, secondary to furuncle, left nostril. A, Day fol- 
lowing commencement of penicillin ; B, sixth day after commencement of penicillin 

One patient having developed marked facial edema following bilateral 
upper block dissection, of the neck and another with postoperative hematoma 
and drainage following excision of a branchial cleft cyst, both subsided nicely 
without infection on the drug. 

The wounds in a baby with a harelip operation and an adult who under- 
went a difficult excision of a recurrent thyroglossal fistula both healed per 
primam. 

Three patients with extensive shell fragment wounds received prophylac- 
tic penicillin; one with an avulsion wound of the buttock and one ivith lacera- 
tion of the liver healed without infection. The third with a large tear in the 
rectum communicating -with a shattered upper femur developed a blood stream 
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infection Avith hemolytic streptococcus, Sir. fccalis, and Staph, albus and died 
in spite of one-half million units of penicillin a day. ^Ye have so far received 
from o\eiseas no survivors of a rectal injury' communicating with a compound 
fracture of the femur. 

Excision and closure of granidafinf/ wounds: Of granulating wounds there 
Yere tMcnty-four wounds in sixteen .soldiers wth an over-all success in seventeen 
and lailuro in seven. Tliose wounds almost universally’eultured Staph, aureus 
and Staph, alhus, a few also contained Str. faccalis, diphthcr'oids, and B. cdli. 
Prom Table II it can be seen that the largest number of failures occurred among 


Tahoe IT. PEN]cn,7.ix ix E.xcisjo.v .vxd Ci.osuuk or Gr..\xvJxATjxG IVouxps 


nrscni PTJOX rEXicn.i.ix dosaoe 

Ten (teeubiti in 3 p.sraplegias 200,000 U. daily 
One ileeiibitus in a paraplegia Local instill.ition 

til rough fine tube 

Four amputation stumps 120,000 to 2-10,000 U. 

dailt’ 


One reamputation 2 inches 200,000 U. d.aily 

above infected amputation 
til rough knee 

Eight granulating abscesses or 120,000 to 2-10,000 U. 
infected sinuses daib" 


r.ESULTS 

o successful, 5 failed 
Successful 

3 drained thin staphylococcus- 
containing fluid but healed 
soundly; 1 failed 
Ile.aled .soundly after draining 
staphylococcal fluid 

7 healed per primam though 
one drained a .scant amount; 

1 failure in a .small sinus of 
thigh 


the decubiti, that the closed amputation stmnps usually healed after a period of 
seropurulent drainage culturing staphylococci, and that wounds and sinuses 
(Figs. 4 and u) almost always healed nicely. 

It should also he mentioned that during the present study a decubitus 
receiving no other treatment than local boi’ic compresses was excised and 
clo.sed with per primam healing. 

From the patient .shown in Fig. 4 with a laminectomy wound, hemob'tic 
Staph, aureus, sensitive to 2.85 Oxford units, was cultured; yet the wound 
cleaned up remarkably well allowing secondary closure twenty-nine days after 
the original laminectomy and while still liarboring staphylococci. The granu- 
lating wound of the patient shown in Fig. 5 still cultured staphylococci at time 
of closure, yet per primam healing ensued. Such cases demonstrate a powerful 
factor supplied by the host Avhich, in conjunction vdth penicillin, achieves clini- 
cal results unsuspected from cultures and in vitro sensitivitj^ tests. 

Pilonidal sinus excision and jmniari/ closure: Under a daily intramuscular 
dosage of 200,000 units of penicillin, eleven recently infected pilonidal sinuses 
in ten patients were excised and primarily closed using fine silk or cotton tech- 
nique. Six broke down and five healed per primam. Staphylococci were pres- 
ent in all the failures and in two of the successful closures. This is a poor 
percentage for penicillin compared to the good results obtained in excision 
and closure of soft tissue wounds elsewhere with similar flora. It would seem 
to attest to the local peculiarity of anatomy of the lesion as well as to the local 
bacteriology It was our clinical impression that local penicillin with or with- 
out the parenteral administration somewhat facilitated healing by granulation 
even when primary closure bad proved unsuccessful. 
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, 4 — Epidural abscess necessitating surgical excision oC laminae, flftli to eleventl 

dorsal \ertebrae inclusue, secondarily closed tuenU-nino daj s postIaminectom\ Photograpl 
taken three da^s aftei secondary closuie, healed br flist intention. 


A. 




abscess of right thigh of Iife-endangering severitj, complicating 


ooentf'® ^ — Subfascial 
follnniSii JPHi Joint and not responding to sulfonamide therapy. A, Twenty-trv o dajs 

een incision and drainage, and nineteen daj s after start of penicillin , B, eight- 

uajs alter secondarj' wound closuie, done twentj-four dajs after incision and drainage. 
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S/cin grafting: It is intei-esting that tiie only 100 per cent take (Case 7, 
Table III) M-as on a sacral cleeubitus to which only boric compresses were ap- 
plied. In a bilateral granulating burn of the legs (Case 4, Table ni) although 


Tabi-k hi. PBXicn.ux ik Ski/ GnAFTixo 


PATIENT 

NO. 

AEEA OnAETED 

CnAFT 

TnEATJtn.VT 

RESULTING 

"take” 

(PER CENT) 

1 

Gnmnlating burn, 

Thiersch 

Penicillin jelly 

70 

1 

Granulating bum, 
temple 

Thiersch 

Penicillin jelly 

95 

1 

Granulating burn, 
leg 

Tliiersch 

Penicillin jelly 

95 

o 

Granulating burn, 
leg 

Dermatome 

Penicillin jelly 

50 

s 

Granulating burn, 
leg 

Dermatome 

Penicillin jelly 120,000 TJ. a 
dav parenteral 

45 

4 

Granulating burn, 
leg 

Granulating burn, 
leg 

Dermatome 

Penicillin compress 

90 

4 

Dermatome 

Boric compress (no penicillin) 

90 

5 

Granulating 
wound, leg 

Dermatome 

Penicillin jelly 200,000 U. a 
day parenteral 

75 

C 

Granulating 
wound, back 
Sacral decubitus 

Dermatome 

Penicillin compress 

0 

7 

Dermatome 

Boric compress (no penicillin) 

100 

s 

Sacral decubitus 

Dermatome 

Penicillin compress 

0 

8 

Sacral decubitus 

Dermatome 

Penicillin 200,000 U. a day 
parenteral 

0 

9 

Sacral decubitus 

Dermatome 

Penicillin 200,000 TJ. a day 

SO 


the degree of take was equal on the penicillin and control side, the latter 
showed the smoother, bettor graft. The graft on the decubitus (Case 8, Table 
III) failed comidetely, both when local and when parenteral penicillin was used. 

Two recently observed patients not in this series showed little benefit from 
penicillin. 


Case 1. — A soldier ivitli granulating burns of chest and thigh received a dermatome 
graft to the thigh while on 200,000 units penicillin a day, with 70 per cent take. A few days 
later, while receiiung only an occasional local dressing of penicillin jelly, the lesion of the 
chest was grafted w ith 00 per cent take. 


Case 2. — An officer with a large granulating shell fragment wound of the thigh received 
first a dermatome graft while getting no medication. The graft was 40 per cent successful. 
A few days later, while receiving penicillin both locally in saline compresses and parenterally 
in daily doses of 100,000 units, his wound was regrafted with complete failure. 


Prom these few cases it would appear that in such wounds where infection 
is at a minimum, and where much of the flora is resistant to penicillin, meta- 
bolic factors and technical details play the dominant role and that the drug 
adds little to the chance of success of the graft. IlirshfelcI and co-workers,^'’ 
however, were enthusiastic over the benefit of parenteral peniciUm in a senes 
of nineteen skin grafts. 


To conclude penicillin is indisputably of paramount value in the surgery 
,f contaminated wounds. This is being eloquently proved by our forward 
au'geons^®’ in the theaters of war. It is indicated, but less convincingly so, 
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in very long operations where asepsis cannot be made absolutely ideal, and in 
secondary wound closure. Tn skin grafting and primary closure of pilonidal 
sinus excision wounds its value is still to be proved. 

Penicillin in Bone and Joint Infections . — 

Osteomyelitis and septic conipoxlnd fractures: Our experience consists of 
eleven cases of staphylococcal hemal ogenous osteomyelitis and eighteen cases of 
secondary osteomyelitis and septic compound fractures, also predominantlj’- 
staphylococcal, as summarized in Tables IV and V, respectively. These few 

Table H''. Penicillin in Hematogenous Osteomyelitis 

CASE 


NO. 

AGE 

DESCRIPTION 

TREATMENT 

RESULTS 

1 

4 mo. 

Osteo.* of humerus 
with staphylo- 
coccemia 

Parent, t 443,000 B. in 30 
days; drainage of soft tis- 
sue abscess 

Inactive by 56th 
day; involucrum 
formed 

2 

11 yr. 

Osteo. of upper 
tibia 

Parent. 1,640,000 U. in 10 
days + local ; drainage and 
drilling of bone 

Sinus persists 
after 247 days; 
sequestration 

3 

37 yr. 

Plare-up of old 
osteo., lower 
femur 

Parent. 4,359,000 TJ. in 36 
days + local ; wide drainage 
and curettement of bone 

Healed with excel- 
lent function 
47th day 

Healed without 
sequestration 
63rd day 

4 

19 yr. 

Osteo. of tarsals 
of foot 

Parent, 3,200,000 U. in 31 
days; incision and drain- 
age of soft tissues 

5 

22 yr. 

Osteo. of upper 
femur and ar- 
thritis, hip joint 

Parent. 9,610,000 U. in 52 
days -p one 10,000 B. local 
injection; no surgery 

Healed uith nor- 
mal joint motion 
90th day 

6 

22 yr. 

Osteo. of upper 
femur and ar- 
thritis, hip joint 
Old Brodie’s ab- 
scess of femur 
with sinus 

Parent. 10,145,000 B. in 33 
days; late in disease ab- 
scess of hip drained 

Joint destroyed; 
still draining 
after 1% yr. 

7 

30 yr. 

Parent. 2,310,000 B. in 19 
days; extraction of small 
sequestrum and curette- 
ment 

Healed 17 days 
after removal 
of sequestrum 

8 

25 yr. 

Osteo. of radius 
with sequestra- 
tion 

Parent. 8,250,000 B. in 55 
days; saucerization and 
primary wound closure 

Wound healed per 
primam 

8 

25 yr. 

Osteo. of ilium 
(same patient 
as above) 

Parent. 8,250,000 B. in 55 
days; sequestrectomy 

Wound healed by 
43rd day 

9 

35 yr. 

Osteo. of ilium 
and sacroiliac 
joint 

Parent. 10,350,000 B. in 79 
days after local penicillin 
failed; sequestrectomy 

Wound healed by 
150th day 

10 

29 yr. 

Osteo. of ilium 
and sacroiliac 
joint 

Parent. 11,300,000 B. in 56 
days local, sequestrec- 
tomy 

Wound healed by 
89th day 


♦Osteo., osteomyelitis.. 
fParent., parenteral. 


cases raise some interesting questions. The characteristically rapid relief of 
pain in these cases was well demonstrated in patients (Case 5, Table IV, and 
Cases 4 and 6, Table V) who were relieved of their suffering in twenty-four, 
forty-eight, and nine hours, respectively. The first two of these patients had 
been unimproved by adequate sulfadiazine therapy. 

In Cases 2 and 7, Table H’', and Cases 2 and 3, Table V, penicillin showed 
no superiority to what might be expected of the sulfonamides. In all other 
instances it showed definite superiority to the results obtained or to those 
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Osteomyelitis and Septic Cosipound Fractures 


CASE AGE 
NO. (YR.) 

1 25 


des criptio n 

Infected compound 
fracture of upper 
femur 

Fracture, neck of 
femur, witJi in- 


3 

23 

fcctcd bone graft 
Infected compound 

4 

26 

fracture of ujipcr 
femur 

Infected amputation 

5 

2S 

stump, log; perios- 
titis, tibia 

Infected nnipuf.ation 

G 

21 

stump, leg; perios- 
titis, tibia 

Infected amputation 

7 

23 

stump, leg, with 4 
cm, bare tibia 
Infected, severely 

8 

33 

lacerated compound 
fracture of fibiilal 
Low-grade anaerobic 

9 

29 

infection bone 
graft, tibiat 

Septic compound 

10 

27 

fracture of humerus 
and glenoid process 

Infected inlay bone 

11 

30 

graft for nonunion, 
ulna 

Osteo.,$ iliac crest. 

12 

32 

from gunshot 
wound 

Osteo., head 2nd 

13 

22 

metatarsal from 
nail puncture 

Osteo., postoperative. 

14 

25 

lamina lumbar 4 
Osteo., postoperative, 

15 

20 

laminae lumbar 4 
and 5 

Osteo,, skull second- 

16 

44 

arj' to frontal 
sinusitis; brain ab- 
scess 

Osteo., left mandible, 

17 

39 

earlj', and severe 
cellulitis of face 

Osteo. of maxilla 

18 

25 

with multiple small 
sequestra 

Osteo. of ascending 

ramus of mandible 


TREATMENT 

Parent.* 9,000,000 U. in SO 
days + local; wound ex- 
plored 3 times 

Parent. 0,170,000 U. in 50 da3's 
+ local; incised and drained 
once 

Parent. 2,520,000 U. in 22 
day.s; exploration and drain- 
ai'C of wound 

Parent. 4,050,000 TJ. in 25 

daj's; later reamputated 2 
in. liifilier 

Parent. 6,135,000 U. in 31 

daj's; no surgerj- 

Parent. 0,895,000 U. in 34 

(lays; excision Yt in. of tip 
of tibia 

Parent. 7,725,000 U. in 55 days 
+ local; no surgery 

Parent. 6,430,000 U. in 20 

daj’s; no surgerj' 

Parent. 3,675,000 U. in 36 daj’S 
+ local; e.xcision of head and 
nock of humerus 

Parent. 2,611,000 U. in 14 

d.ay.s; no surgery' 

Parent. 6,697,000 U. in 46 days 
+ local; sequestrectomy 

Parent. 3,720,000 U. in 24 

daj’s; no surgerj’^ required 

Parent. 4,775,000 U. in 36 ! 

daj's; carlj' sequestrectomy 
Parent. 350,000 V. in 15 days i 
(inadequate) ; no sequestrec- 
tomy 

Parent. 15,730,500 U. in 99 1 

days + local; sequestrectomy 
later 


RES_OLT 

3 Healing 94th 
daj’ after re- 
moval of frag- 
ments 

> Wound contin- 
ued to drain 

' Drainage con- 
tinued; leg 
amputated 
Infection con- 
trolled; slight 
drainage per- 
sisted 

Healed in 40 
days in spite 
of poor blood 
supply 

Nearl.v healed 
34th day when 
transferred 
Soft tissue 
wound healed 
67th day 
Slow subsidence 
after sulfon- 
amide therapy 
had failed 
Smooth P.O. 
course; healed 
3Cth day 

Graft saved; 
wound healed 
by 14th day 
Wound healing 
complete 46fh 
daj’ 

Infection re- 
solved; func- 
tion restored 
Sound healing 
41st day 
Proionged 
drainage; 
healing about 
140th day 
Wound healed 
37th day (14 th 
day P.O.) 


Parent. 5,270,000 U. in 50 

days; drainage of subman- 
dibuiar abscess 

Parent. 2,250,000 U. in IS 

days; removal of several 

small sequestra 

Parent. 4,625,000 U. in 44 

daj's; intraoral curettement 
of ramus 


Rapid control 
of cellulitis; 
early osteo. 
aborted 
Gums healed 
37th day 

Steady progress 
to complete 
destruction, 
ramus ___ 


•Parent., parenteral. 


aerofetidUTJi^ 

I Osteo., osteomyelitis. 
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which might have been expected to the sulfonamide drugs. In Cases 4 and 5, 
Table TV, and Cases 5, 10, 12 and 15, Table V, penicillin proved brilliantly suc- 
cessful after sulfadiazine had failed. 

The following eases demonstrate what may be accomplished by penicillin. 

C.VSE 5 (Table TS'). — A 22-year-oia white sergeant with early osteoniyeliti.s of the loft 
upper femur and septic arthritis of the hip .ioint, at first undiagnosed, was treated from 
September 26 to October 12, 3943, on oral sulfadiazine. Upon arrival at 'Walter Eeed Gen- 
eral Hospital his temperature was spiking to 103“ and 104“ F.; he was acutely ill and in 
great pain, holding his left thigh rigidly flexed and internally rotated. Seven cubic cen- 
timeters of thick pus culturing hemolytic Staph, alhits, coagulase positive and sensitive to 
0.4 units penicillin, were aspirated and 10,000 units'penicillin injected in 10 c.c. normal saline 
solution. At the same time intramuscular injections of 30,000 units every three hours and 
dicoumarin therapy were instituted, traction being applied to the lower extremity over Buck’s 
extension. Within twentj’-four hours there was marked relief of pain and progressive im- 
provement followed. Penicillin was discontinued Dec. 3, 1943, and by Jan. 12, 1944, the 
soldier was allowed up and around on crutches. When last scon, hlarch 3, 1944, three months 
after cessation of penicillin, he was free of symptoms and had perfect range of hip motion. 
Boentgenograms, which had shown progressive bone destruction of tlie upper femur up to mid- 
November, 1943, by this time showed considerable healing and new bone formation. 

Case 12 (Table V). — A 32-year-old Norwegian commando instructor stepped on a nail 
June 2, 1943, developing low-grade osteomyelitis of the left second metatarsal as proved by 
x-ray picture. There was swelling, pain, and low spiking fever failing to respond to sixteen 
days of intensive sulfadiazine with blood levels 12 to 14 mg. per cent. His foot was im- 
mobilized in plaster and he received penicillin therapy as shomi in Table 'V. inion last seen 
Aug. 16, 1943, he was taking ten-mile hikes and x-ray views showed arrest of the destructive 
bone process without evidence of sequestration. 

Cases 6 and 10 (Table 'V). — The lirst patient, with a badly infected (beta hemolytic 
streptococcus and Staph, aureus) lower leg amputation stump, the second with an infected 
inlay bone graft for nonunion of the ulna, culturing hemolytic Staph, aureus, presented the 
serious problem of rough denuded bone and badly infected soft tissues. In addition, in Case 
10 it was feared that the bone graft ivith its metal fixation screws would fail. Under peni- 
cillin therapy, the patient healed completely in fourteen days and the graft was saved. In 
Case 6, after one-quarter of an inch of the tibial tip was excised, granulation tissue rapidly 
closed over the remaining bare bone. The stump was practically healed when the patient 
wa.s transferred to another hospital thirty-four days after the start of treatment. 

That penicillin can prevent sequestration in acute osteom 3 '^elitis and obviate 
radical surgical intervention is demonstrated by Cases 4 and 5, Table IV, and 
Cases 12 and 16, Table V. Drainage of soft tissue abscess "vvas necessary in 
Case 4, Table IV, and Case 16, Table V. In the remaining seven patients 
(Cases 1, 2, 6, 8, and 10, Table IV and Cases 15 and 17, Table V) with acute 
osteomyelitis, sequestration occurred and surgical intervention of varying 
magnitudes was necessary. Thus (Case 2, Table IV), a young girl, receiving 
early and vigorous treatment (200,000 units daily) proceeded to sequestration 
and sinus formation. Possibly a much larger initial dosage, longer continued 
therapy, and repeated aspiration of pus instead of the more destructive sur- 
gery might have succeeded better. 

The outcome in any of these cases was unpredictable at the outset because 
it depended upon the fate of the blood supply to the infected bone. We have 
latelj’^ become impressed with the unexpected success achieved by greatly in- 
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creased dosages, and wonder if early osteomyelitis might not be more often 
arrested if huge amoxuits of penicillin were given initially in the attempt to 
get an effective quantity of the drug across the barrier of thrombosing arteri- 
oles and capillaries where a lower blood level would fail. Concomitant anti- 
coagulant therapy has not been satisfactorily investigated, mat share the 
dieoumarin had in the remarkable result obtained in Case 5, Table r\^ we 
cannot say. ’ 

Probably the least satisfactory response of all bone suppurations is the 
septic compound fracture of the fcmiii'. Tliere were two failures among the 
three wounds of this type (Cases-1, 2, and 3, Table V). The explanation may 
jxossibly lie in the large muscle mass surrounding the bone capable of hiding 
sequestra and rendering drainage difficult. Thus, in Case 1 drainage persisted 
a long time and not until the thii’d exploration was a pocket discovered, har- 
boring numerous small necrotic bone fragments. Healing occurred soon 
thereafter. 

As to osteomyelitis of the skull and pelvis (see Cases 8, 9, and 10. 
Table IV, and Cases 11 and 15, Table V), in no instance was healing achieved 
without surgical removal of necrotic bone. However, a single sequestrectomy 
together with penicillin was followed by healing in all cases. It is noteworthy 
that in Case 9, Table H’, in spite of twenty aspirations of pus with local in- 
jection each time of 10,000 to 25,000 units penicillin along -with parenteral 
therapy, the process continued to advance until radical surgerj' was resorted to. 

Our experience with primary closure of soft tissues folloAving sequestrectomy 
in subacute and chronic osteomyelitis is limited to a single but satisfactory 
instance, Case 8, Table IV. Ilowevei', Avherever the soft tissues pennit of closure 
Avithout tension and dead space, this AA'oixld appear to be a feasible procedure. 

In chronic osteomyelitis avo have several times observed, as have others,”’ ” 
that even though the drainage ma}’^ become temporarilj^ sterile under penicillin, 
at operation staphylococci may still be cultured from the depths of the involved 
bone and sclerotic tissues AA’here they haA’e evidently been sealed aAvay beyond 
the reach of the blood borne or locally instilled agent. These mechanical and 
A'ascular factors explain the difficulty of treating chronic skeletal infections 
and also their unpredictable recurrences. 

Septic arthritis: Of our small group of five cases of septic arthritis only 
one patient had complete recovery and one partial. These tAvo (Cases 1 and 5, 
to be discussed) received penicillin locally Avhereas the other three did not. Al- 
though about 50 per cent of the circulating drug crosses the synoAual membrane' 
it is AveU to supplement parenteral Avith local injections of penicillin. Brief 
descriptions of the cases folloAV. 

(1) Case 5 (Table IV, previously described in detail). — patient n-ith osteomyelitis of 
the upper left femur and septic arthritis of the hip joint had complete restoration of hip 
motion following a single local injection of 10,000 units of penicUIin and intramuscular 
injections totaling 9,650,000 units. 

(o\ Case G (Table IV).— A patient with a lesion closely similar to that of the patient 
in Case 5 deceived 10,145,000 units intramuscularly and none locally. Complete destruc- 
tion of the hip joint and a persistently draining sinus resulted. 
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(3) A postoperative stapliylococcal suppuration of the knee joint following an open re- 
duction of a fractured tibial cond 3 ’lo was widclj’ drained. The patient received 4,075,000 
units parentera]l 3 ’ but none loca]l 3 '. The severe goticrnl soi^sis was casili’^ o%'ercome but 
the knee nnk 5 'losed. 

(4) A patient with mixed streptococcal and staphylococcal arthritis of the proximal joint, 
index finger, following a laceration that entered the joint, received 3,800,000 units paren- 
teral penicillin but ended with amputation of the finger. 

(5) A patient with stapln-lococcal .suppuration of the fifth mctacarpoplial.angeal joint, 

likewise of 'traumatic origin, was treated b 3 ' local instillations through a ureteral catheter 
as well as b 5 ' 2,400,000 units of parenteral penicillin. Healing followed but with a rather 
stiff, swollen, somewhat painful joint. ^ 

Penicillin in the Treatment of Burns . — Our experience with penicillin in 
burns consists in the seven cases shown in Table VI and in a few later cases not 
included in this report. 


TaBI.E VI. Pr.XICILLIK IN THE TrE.VTMENT OP BURNS 


CASE 

NO. 

AGE 

(TR.) 

DESCRIPTION OP BURN (EOCA- 
TION, PER CENT BODY SURFACE 
im'OI.VED, DEPTH, DURATION) 

PENICITjUN 

treatment 

RESULTS 

1 

28 

Hand; about 2nd de- 

gree; 8 lir. old 

Loc.al in aquafor 

Healed 10th day; 
no clinical in- 
fection 

2 

22 

Pace, head, hands, legs; total 
15%; 2nd & 3rd degree; 12 
dai’S old 

Local in traga- 
canth jelly 

Healed, with 
grafting on 

46th day 

3 

29 

Thighs, legs; total 7%; chiefl 3 ' 
3rd degree; 120 day's old 

Local in traga- 
canth jolly 

Healed with 
grafting on 

46th day 

4 

55 

Bt. arm, thigh, leg and perine- 
• um; total 13%; 2nd and 3rd 
degree; 36 hr. old 

Parent.*' 5,424,000 
U. in 44 days; 
local in aquafor 

Probably saved 
life; nearly 
healed 70th day 

5 

25 

Neck, slioulder, arm; total 
5%; 3rd degree, infected; 
160 day's old 

Local in traga- 
canth jelly 

Checked infection 
when sulfonam- 
ide failed 

6 

26 

Face, head, forearms; total 
22%; 2nd and 3rd degree; 
36 hours old 

Parent. 2,050,000 

U. in 11 days; 
no local 

Died 11th day; 
cause undeter- 
mined 

7 

23 

Thighs and legs; total 18%; 
3rd degree; 60 days old 

Parent. 3,480,000 

U. in 28 days; 
local in aquafor 

Died 2Sth day; 
cause undeter- 
mined 


‘Parent., parenteral. 


In the fresh extensive burn such as Case 4, Table VI, parenteral penicillin 
as a pi’oph 3 daxis against infection should supplant the sulfonamides since it is 
more potent against streptococci and staphylococci and has none of their un- 
toward side effects. The afoi’ementioned patient, extremely obese, hypertensive, 
and possessing an enormous ventral hernia had a relatively smooth course, never 
developing sepsis in the deep second degree burns. 

Penicillin applied locall}’^ in a water-soluble base (200 to 250 units per 
cubic centimeter) is a ver 5 r satisfactory dressing for minor burns such as were 
found in. Case 1, Table VI. We haAm also used the local application for the 
sloughing and granulating stage of third degree burns prior to skin grafting 
as in Cases 2 and 3, Table VI. When these lesions are relatively clean and 
harbor only the inevitable staphylococci of loiv pathogenicity and high resist- 
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creased dosages, and wonder if earlj- osteomyelitis might not be more often 
arrested if huge amonnts of penicillin were given initially in the attempt to 
get an effeetive quantit}'' of the drug across the barrier of thrombosing arteri- 
oles and capillaries Avhere a lower blood level would fail. Concomitant anti- 
coagulant therapy has not been satisfactorily investigated. ^Vhat share the 
dicouraarin had in the remarkable result obtained in Case 5, Table IV, we 
cannot say. 

Probably the least satisfactory response of all bone suppui’atious is the 
se2)tic compound fracture of the femur. Tljcrc wei’c two failui'es among the 
three wounds of this type (Cases-!, 2, and 3, Table V). The explanation may 
possibly lie in the large muscle mass suiTOunding the bone capable of hiding 
sequestra and rendering drainage difficult. Thus, in Case 1 drainage persisted 
a long time and not until the third exploration was a pocket discovered, har- 
boring numerous small necrotic bone fragments. Healing occurred soon 
thereafter. 

As to osteomyelitis of the skull and pelvis (see Cases 8, 9, and 10, 
Table IV, and Cases 11 and 15, Table V), in no instance was healing achieved 
without surgical removal of necrotic bone. Howevei*, a single sequestrectomy 
together with penicillin was followed by healing in all cases. It is noteAvorthy 
that in Case 9, Table IV, in spite of twenty aspirations of pus AAOth local in- 
jection each time of 10,000 to 25,000 units penicillin along Avith parenteral 
therapy, the process continued to adA'ance until radical surgery was resorted to. 

Our experience Avith primary cIosau’c of soft tissues folloAA'ing sequestrectomy 
in subacute and chronic osteomyelitis is limited to a single but satisfactory 
instance, Case S, Table IV. IIoAvcver, Avhercver the soft tissues permit of closure 
AA'ithout tension and dead space, this AA*ould appear to be a feasible procedure. 

In chronic osteomyelitis Ave have scA'cral times observed, as have other's,*’’ 
that CA'cn though the drairrage maj”^ become temporarilj' sterile under penicillin, 
at operatioir staphylococci may still be cultured from the depths of the involved 
bone and sclerotic tissues AA'here they have evidently been sealed arvay beyond 
the reach of the blood borne or locally instilled agerrt. These mechanical and 
vascular factors explairr the difficulty of treating chroirie skeletal infections 
and also their unpredictable recurrences. 

Septic aiihritis: Of our small group of five cases of septic ar-thritis only 
one patient had complete recovery and one partial. These tAA'o (Cases 1 and 5, 
to be discussed) received penicillin locally Avhereas the other three did not. Al- 
though about 50 per cent of the circulating drug crosses the sjmovial membrane* 
it is AA'ell to supplement parenteral Avith local injections of penicillin. Brief 
descriptions of the eases folloAv. 

(1) Case 5 (Table IV, previously described in detail). — A patient Avith osteomyelitis of 
the upper left femur and septic arthritis of the hip joint had complete restoration of hip 
motion following a single local injection of 10,000 units of penicillin and intramuscular 
injections totaling 9,650,000 units. 

(2) Case 6 (Table IV).— A patient with a lesion closely similar to that of the patient 
in Case 5 received 10,145,000 units intramuscularly and none locally. Complete destruc- 
tion of the hip joint and a persistently draining sinus resulted. 
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Table VIIL Pekicilun in 


CASE 

KO, 

! AGE 
i (YB.) 

PIAONOSIS 

BACTEniOLOOrST 

1 

07 

Empyema forniccl wliilc getting peni- 
cillin for pneumonia 

Pneumococcus Type I; 
susceptible to .0025 U. 


21 

Empyemn, ]eff, eoineiJent with pneu- 
monia 

Staph, aureus, susceptible 
to .35 U. 

«> 

IS 

Empyema, left, complicatinff lobar pneu- 
monia, left 

Hem. Staph, nvmis, sus- 
ceptible to .04 U. 

4 

35 

Empyema, left eomplicntinfr pneumonia 

Beta hem. Str. 

5 

30 

Empyemn, riglit, complicating: pnon- 
inonia 

Beta hem, Str. 

6 

36 

Empyema, left, complicating pneumonia 

Beta hem. Str. 

7 

18 

Empyema, right, complicating pneu- 
monia 

Beta hem. Str. 

8 

26 

Empyema, left, complicating atypical 
pneumonia 

Ilcm. Staph, aureus 

9 

B7 

Empyema, left, following lobar pneu- 
monia 

Pneumococcus Type V; 
susceptible to .02 U. 

10 

20 

Broncliicetafiis, left lower lobe, with 
secondary pyopneumothorax 

27onhem. Str.; Staph, 
albus and mixture 

11 

29 

Lung iibsccss, left upper lobe, 4 weeks' 
duration 

Mixed flora ; no predomi- 
nant organisms 

12 

40 

Lung abscess, left upper lobe, 9 weeks’ 
duration 

Predominant, alpha Str. 
mitis 

13 

25 

Acute lung abscess, right upper followed 
by same in right lower 

Predominant, alpha Str. 
salivarius 

14 

43 

Jfuitipic iung abscesses, right upper 
lobe, 4 mo. duration > 

Lung abscess, right upper, tvith much 
pneumonitis, 5^^ mo. 

Alpha Str. of 2 varieties 

15 

35 

Chiefly alpha Str.; few 
Beta Str. 

16 

23 

Multiple lung aljscosscs, left upper, 3 
mo. duration; secondary brain abscess 

Alpha hern. Str. sali- 
rarius 

17 

24 

Lung abscess, left lower lobe, 4 mo. 
duration 

Alpha Str.; at times 

Beta Str. 

18 

27 

Lung abscess, multiple, right upper lobe, 

6 mo. duration 

Alpha and Beta Str.; 
at times Staph. 

19 

30 

Infected cyst left lower lobe simulating 
abscess, 4 mo. 

Alpha Str.; non-hem. 

Str. 

20 

24 

Putrid empyema, P.O., from lobectomy 
for chronic lung abscess 

Str. faecalis; diph- 
theroids 

21 

22 

Lung abscess, right upper, 8 mo. dura- 
tion 

Abscess; Beta hem. Str., 
empyema, no growth 
Hem. Staph, albus; hem. 
influenzae 

19 

30 

Putrid empyema, early, follondng lobec- 
tomy (same as Case 17) 

18 

27 

Lung abscess, multiple, right upper lobe, 

12 mo. duration 

Alpha hem. Str. and a 
mi.xturo 

22 

40 

Bronchiectasis, left lower lobe with large 
evst formation, 9 mo. 

Case 10 above, cystic bronchiectasis. 

Alpha hem. Str. 

None obtained 

10 

20 

after healing of empyema 



each ^eprcUnt Set appliStiSnrSf Venicillin ’thempy with an interval between. 
‘Parent, parenteral. 
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Surgical Chest Conditions 


TREATJIENT 


RESULTS 


Parent.* 1,(550,000 U. in 14 daj’s, no local; drug 
stopped, rib resected 

Parent. 3,510,000 U. in IS days, no local; rib 
resection 7th daj- of drug 
Parent. 7,500,000 XJ. in C daj’S, local 290,000 U. 

(3 taps; rib resection 

Parent. 17,550,000 U. in 90 days, local 380,000 
U. 12 taps; rib resection 

Parent. 1,790,000 U. in 12 days, local 120,000 U. 
10 taps; rib resection 

Parent. 11,883,000 U, in 60 days, local 390,000 
U. 11 taps; closed, then open drainage 
Parent. 17,405,000 IJ. in 84 days, local 75,000 U. 

3 taps; rib resection 

Parent. 12,600,000 U. in 65 days, local 100,000 
11. 2 taps; rib resection 

Parent. 1,775,000 U. in 16 days, local 160,000 U. 
8 taps; rib resection 

Parent. 5,280,000 11. in 38 days; closed thoracot- 
omy 

Parent. 6,400,000 11. in 33 days; sulfonamide 
(blood level 13) without benefit 
Parent. 4,545,000 U. in 31 days; beginning to 
improve even before penicillin 
Parent. 4,915,000 11. in two courses, 19 and 7 
days respectively 

Parent. 4,800,000 11. in 39 days; had been con- 
sidered malignancy 

Parent. 10,445,000 U. in 34 days ; was being pre- 
pared for lobectomy 

Parent. 14,360,000 IJ. in 53 days (same patient 
as Case 2, Table VII) 

Parent. 4,402,000 11. in 28 days; pneumothorax 
from 1st stage drainage 

Parent. 9,165,000 11. in 38 days; 2 stage drain- 
age, inadequate 

Parent. 10,020,000 U. in 51 days; 1st stage drain- 
age of abscess 

Parent. 5,885,000 U. in 30 days; rib resection 4 
days before starting drug 
Parent. 11,275,000 11. in 58 days; lobectomy and 
later rib resection for empyema 
Parent. 7,700,000 11. in 40 days; thoracotomy 
three times 

Par^t. 7,435,000 U. in 47 days, local 50,000 11.; 
lobectomy and later thoracotomy . 

5,825,000 11. in 30 days; lobectomy after 
20 days conservatism 

Parent. 3,400,000 U. in 12 days, local 100,000; 
lobectomy, left lower lobe 


iliiipj-eina cured 21 da.ys after rib 
resection 

No improvement until rib resection, 
then rapid 

No improvement until rib resection, . 
then rapid 

No improvement until rib resection, 
then slow 

No improvement until rib resection 

Unimproved until rib resection 

Unimproved until rib resection 

Little improvement until rib resection 

Little benefit until rib resection 

After sulfonamides failed, healed on 

penicillin 

Prompt improvement, clinical cure 
witliin 1 mo. 

Eapid regression to clinical cure 

First abscess cured; 2nd abscess 
rapidly resolving 
Dramatic and rapid clinical cure 

Eapid subsidence of fever and sputum 
to normal; arrested 
Still asymptomatic after 6 mo. ; small 
cavities still seen by x-ray 
No significant benefit; cured follow- 
ing pneumothorax 

No benefit; went to lobectomy (see 
below) 

Some reduction in sputum, no change 

in x-ray picture 

Probably saved patient ’s life ; re- 
turned to limited duty 
Developed putrid empyema, but re- 
covered 

Recovery with good re-expansion left 
upper lobe . 

Developed putrid empyema but re- 

covered 

Per primam healing of wound and 
uneventful recovery 
AVell into convalescence ; had mini- 
mal empyema 
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little pi’ogress, other than a leeling of increased well-being, was made until rib 
resection. Of the larger serie.s only three escaped surgery. At another hospital 
one of these patients was given j)enieillin at tliree-hour intervals for four months 
as the alternative to rib resection. The other two did not appear to have true 
empyemas in that only thin fluid containing strcptoeoeci was yielded. It will be 
observed that one patient (Case 1) developed empyema while receiving penicillin 
for Type I lobar pneumonia ; yet rapid healing followed rib resection after stop- 
j)ing the drug. Although it is not .shown in Table YIII, one patient (Case 6) 
failed to make satisfactory progro.ss on penicillin plus a poorly draining closed 
thoracotomy. Prompt rc.sponse followed rib re.scction. Likewise, patients (Cases 
4 and S) with rib resections done and receiving 200,000 units penicillin daily 
ex])erienccd temporary flare-uirs when drainage became partly blocked and then 
returned to normal when this was corrected. In five eases, or 50 per cent, al-' 
thouuh the empyema was ])romptly sterilized on local and parenteral injections, 
pus continued to foisn and at rib le.section 1,000 to 2,000 c.e. were evacuated. 
Our observations in this and in the larger series seem to show that penicillin is 
useful in empyema in controlling early .systemic infection or accompanying 
pneumonia. However, if pus continues to form and is not satisfactorily decreas- 
ing within ten- to fourteen days on pai'cnteral and local penicillin and repeated 
aspirations, lib resection .shoxild bo done without further delay, if mediastinal 
stabilization is adequate. Every effort should, of coiu'se, be made to diagnose 
empyema in its earliest phase when there will be rea.sonable likelihood of aborting 
the process by parentei’al and local penicillin injections together with repeated 
aspirations. 

A preliminary controlled study was also made of the effect of parenteral 
penicillin uiion the final healing of empyema following rib resection. Pour 
])atients were placed upon parenteival penicillin (25,000 units intramiiscularly 
every three hours) from the time of operation until their cavities had shrunk to 
less than 10 c.e. capacity and the tubes were removed. Five comparable and 
unselectcd patients, during the same season (Pebimary to June, 1944), receiving 
no penicillin, served as controls. The only other difference in the management 
of tlie two groups was that the test patients, kept on the penicillin ward, received 
an unusually high protein and vitamin diet and in addition averaged 2,000 e.c. 
of blood and 350 c.e. of plasma each diu-ing the study period, while only one 
blood transfusion was given to the entire control group. With exception of one 
penicillin-treated patient, however, whose red cells numbered 3,850,000 and 
hemoglobin 70 per cent, all patients of botli groups had red counts over 4,100,000 
and liemoglol}in values of 80 to 85 per cent. ‘ Cultures of three test cases revealed 
l)eta hemolytic streptococcus and one pneumococcus; of the controls, one cul- 
tured pneumococcus, two beta hemolytic streptococcus, and one probable beta 
hemolytic streptococcus and one alpha hemolytic streptococcus. The conipara])le 

data are shovm here : 


atobage duration 

UNTIL thoracotomy 
(DAYS) 

Penicillin cases 44 

Control cases 4i 


AVERAGE INITIAL 
SIZE OF CAVITY 
(C.C.) 

1625 

1300 


AVERAGE DAYS 
UNTIL TUBE OUT 

119 

106 
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Clinically the only noticeable diffei’ence between the experimental and 
control eases was a definite reduction in the growth of granulation tissue 
around the drainage tube in the penicillin cases. Trimming or cauterizing of 
these excess granulations was repeatedly necessary in the control patients but 
only once in a test patient. This inhibition of granuloplasia by the agent we 
have noticed elsewhere and Plorej' and Williams^' have observed it in penicillin- 
treated infections of the hand. The lessening of morbidity shown in this small 
series is perhaps suggestive enough to warrant further study. However, until 
practical methods are worked out of maintaining effective penicillin levels by 
fewer injections, the lessened healing time will scarcely justify the prolonged 
needling of the patient. 

Lung abscess tuitliout lobectomy (Gases 11 through 19, Table VIII) : The 
deciding factor as to cure in eases of lung abscess without lobectomy seemed to 
be the degree of thickening and noncollapsibility of the cavity wall. Nor was 
this predictable entirely upon the duration of the lesion since two of the most 
responsive patients (Cases 14 and 15, Table VIH) had had symptoms for four 
and five and one-half months, respectively. It is our impression that penicillin 
is definitely superior to the sulfonamides in treating lung abscess and that -rela- 
tively early and not too large abscesses will yield to the new drug in the great 
majority of cases without drainage. An interesting situation developed in 
several cases, notably 12, 14, 15, and 16, Table VIII, in which there was clinical 
cure but persistence of small nonactive cavities by x-ray. A soldier (Case 15) 
was being prepared for lobectomy but progressed so favorably on penicillin 
that he was, instead, sent out to limited duty for six months. It is too early 
to predict what the outcome will be in such lesions. The flora in nearly all the 
abscesses, for the most part obtained at bronchoscoi>y, was a mixture usually 
with alpha hemolytic streptococcus predominant. This culture usually per- 
sisted throughout regardless of the clinical course of the patient. Undoubtedly 
anaerobes were sometimes present in the abscesses and certainly in the putrid 
empyemas, although not detected by us. 

Imng abscess with lobectomy: Of the 4 patients "with lung abscess with 
lobectomy (Cases 18, 19, 20, and 21, Table VIII), two (Cases 18 and 19) had 
received thirty-seven and fifty-one days of intensive penicillin therapy before 
lobectomy -with no significant improvement. One (Case 18) had had in addition, 
a two-stage drainage of the main abscess. Although the other (Case 19) proved 
to have an infected cyst, the surgical problem of its removal was similar to 
that presented by a chronic lung abscess. Penicillin was started in two in- 
stances (Cases 19 and 20) after lobectomy and as empyema was deAmloping. 
In the other two (Cases 18 and 21) it Avas initiated nineteen and one days, 
respectively, before operation. Putrid empyema deAmloped in all four cases 
but the patients surAUAmd. These four consecutiA^e sui’AUAmls, although of no 
statistical significance, are clinically important especially Avhen it is realized 
that in the past lobectomy for chronic lung abscess carried a mortality in the 
neighborhood of 50 per cent. 

Bronchiectasis with lobectomy: One patient (Case 10, Table IX) AAms saAmd 
by penicillin from a probable fatality folloAving the dcAmlopment of pyopneumo- 
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tliorax after sulfonamides had been unavailing. But the drug had no significant 
etfect upon his underlying bronchiectasis. Nor did several weeks of treatment 
influence the bronchiectasis in Case 22. This is just as one might expect, eon- 
sideiing the anatomic basis of the disease. Therefore, both patients were sub- 
jected to lobectomy under protection of heavy penicillin dosage. Both healed 
without developing empyema. 


Penicillin in InfrafJioracic ''MediatP' Disease.— 

Pnctmiococcns lohar pneumonia: Six patients with pneumococcus pneu- 
monia were treated uitli doses varying from 390,000 to 1,650,000 units. The 
duration of infection prior to penicillin ranged from one to six days witli an 
a%'erage of three days. Three patients had shown no improvement despite ade- 
quate sulfadiazine therapy. Temperature returned to normal in from twelve 
to seventy-two hours (average thirty-six hours) following institution of peni- 
cillin therapj'. In three eases sputum was sterile on culture as early as twenty- 
four hoiirs after penicillin was begun. Blood cultures remained sterile in all 
cases. No complicating empyemas occurred. Larger closes than are ordinarily 
employed were considered nccessai'y in the majorit}^ of these patients because 
of the duration of the infection prior to treatment or the absence of response 
to sulfadiazine. Tibet, Cambier, and McCormack” have worked out to a 
nicety the minimum dosage and treatment days required to cure lobar pneu- 
monia. 


Acnfe staphylococcal pnhnonary infections: With the e.xception of one pa- 
tient (Case 8, Table IX) all the members of the group witli staphylococcal in- 
fections were exceedingly to.xic and desperately ill (in fact one, Case ‘'1, was 
moribund) when penicillin ivas started. In all cases sulfonamides had either 
failed or were producing no clinical improvement. Penicillin undoubtedly saved 
the lives of three patients (Cases 7, 9, and 10) and probably one other also 
(Case 8). In twm (Cases 7 and 8) the temperature returned to normal within 
seventy-two hours and the clinical improvement was phenomenal. 

When penicillin was started in one patient (Case 10, Table IX) he pre- 
sented patchy consolidation of the entire right lung and a serosanguineous pleu- 
ral effusion. Under therap}^ temperature I’eturned to normal on the twentieth 
day and all parenchymal lesions passed through the stage of multiple small 
cavities to complete disappearance to x-ray. The pleural effusion after tem- 
porarily loculating was i-eabsorbed, and did not become infected (fluid peni- 
cillin level 0.078 Oxford units). A patient (Case 11) treated at another hos- 
pital, under our direction, might possibly have been saved if penicillin had 
been started earlier. 


Streptococcal pulmonary infections: The latter two of the three eases are 
presented in some detail. 

Case 13 (Table IX) .—The patient was growing more critically ill in spite of adequate 
sulfadiazine therapy, and presented the picture of arerwhelmiag generalized sepsis;^ bi- 
lateral bronchopneumonia, septicemia, widespread erythematous and hemorrhagic manifes- 
tations left pleural effusion, and physical and electrocardoigraphic evidence of pencarditis 
Sth effusiom Porty-eight hours after the start of penioillin there was remarkable im- 
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provemcnt and by tlio tenth day the temperaturo had dropped from 105.5 to 99.0° P. 
Within this time the right iiing had completely cleared, though some pneumonitis may well 
have persisted within the left lung, obscured and compressed by the pleural effusion. 
Characteristically the left pleural effusion, although culturally sterile throughout, developed 
into empyema with high spildng fever, in spite of vigorous parenteral therapj'^ and two 
40,000 unit local injections. Pinal subsidence of fever and infection was much dcla 3 md 
even after rib resection and continued parenteral penicillin. The reason for this was never 
discovered. 

Case 14 (Table IX). — This patient was started on treatment twelve hours after the onset 
of illness. Dj-sphagia disappeared in twcnt 3 ’-four hours; tonsillar exudate cleared in fort 3 ’- 
eight hours. On the fourth treatment day, (he patient expectorated largo quantities of puru- 
lent sputum containing fibrinous bronchial plugs culturing alpha hemolytic streptococci and 
rapid recovery followed. 

Chronic 'pulmonary disease: lu both of the patients (Cases 15 and 16, 
Table IS) Avitli chronic bronchitides, anatomic changes in the bronchial tree had 
advanced so far that even had all bacteria been destroyed, reinfection tvould have 
been inevitable. 

Penicillin in Suhacute and Acute Septicemia . — 

Suhacute bacterial endocarditis: Our ottm nine-month remission (Case 2, 
Table X), tlie apparent success in fifteen out of twenty cases in Dawson and 
Hunter’s series,-^ and the remissions in seven cases reported by Loewe and 
co-v'orkers®‘ bring netv hope for cure of subacute bacterial endocai’ditis. 

One patient (Case 1) died of cardiac failure although the blood stream 
remained sterile during penicillin treatment. 

In contrast, another patient (Case 2, Table X) started on the drug the 
tenth day following the onset of subacute bacterial endocarditis responded 
very nicely. Blood cultures w'-ere sterile twenty-four hours after penicillin 
was begun, but five days after the completion of a thirty-day course they were 
again positive. Therapy was then given for an additional sixty-three days 
intramuscularly and also by the intravenous and subcutaneous drip method. 
Nine months after therapy there was no evidence of reciirrence. 

These two cases suggest, first, the importance of early diagnosis and com- 
mencement of penicillin treatment, and second, that a relapse after the com- 
pletion of a month or more of treatment, granted the organism is reasonably 
penicillin susceptible, demands further trial and perhaps larger dosage of 
the drug. 

Acute septicemia (Cases 3 to 13, Table X) : Most of the cases of acute sep- 
ticemia have been presented elsewhere in this paper. The proteus septicemia 
(Case 12) was treated before a positive blood culture was obtained and is no 
exception to the knovm resistance of this organism to penicillin. The only two 
fatalities among the remaining ten patients (Cases 5 and 11) ivere practically 
moribund when penicillin was started. 

Penicillin in Intra-ahdominul Suppuration. — This short and heterogenous 
series teaches us little about the effect of penicillin upon these infections. In 
the desperately ill patients (Cases 1 and 2, Table XI) the drug seemed defi- 
nitel 3 - superior to sulfonamide therapy. This was also true in Cases 6 and 7, 
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thorax after stilfonamidcs had been unavailing. But the dnig liad no significant 
effect upon his underlying bronchiectasis. Nor did several weeks of treatment 
influence the bronchiectasis in Case 22. This is just as one might expect, con- 
sidering the anatomic basis of the disease. Therefore, both patients were sub- 
jected to lobectomy under protection of heavy penicillin dosage. Both healed 
without developing empyema. 


Penicillin in hilrathomcic ^‘Medical” Disease . — 

Pncnmococcns lohar pneumonia: Six patients with pneumococcus pneu- 
monia were treated with doses varying from 390,000 to 1,650,000 units. The 
duration of infection prior to penicillin ranged from one to six days with an 
average of three days. Three patients had shoum no improvement despite ade- 
quate sulfadiazine therapy. Temperature returned to normal in from twelve 
to seventy-two hours (average thirty-six hours) following institution of peni- 
cillin therapy. In three cases sputum was sterile on culture as early as twenty- 
four hours after penicillin wms begun. Blood cultures remained sterile in all 
cases. No complicating empyemas occurred. Larger doses than are ordinarily 
employed were considered necessary in the majority of these patients because 
of the duration of the infection prior to treatment or the absence of response 
to sulfadiazine. Tillet, Cambier, and BlcCormaek^* have worked out to a 
nicety the minimum dosage and treatment days required to cure lobar pneu- 
monia. 


Acufc staphylococcal pnhnonary infeeiions: With the exception of one pa- 
tient (Case 8, Table IX) all the members of the group with staphylococcal in- 
fections were exceedingly toxic and desperately ill (in fact one. Case 11, was 
moribund) when penicillin was started. In all cases sulfonamides had either 
failed or were producing no clinical improvement. Penicillin undoubtedly saved 
the lives of three patients (Cases 7, 9, and 10) and probably one other also 
(Case 8). In two (Cases 7 and 8) the temperature retmmed to normal within 
seventy-two hours and the clinical improvement was phenomenal. 

When penicillin was started in one patient (Case 10, Table iX) he pre- 
sented patchy consolidation of the entire right lung and a scrosanguineous pleu- 
ral effusion. Under therapy, temperature returned to nomal on the twentieth 
day and all parenchymal lesions passed through the stage of multiple small 
cavities to complete disappearance to x-ray. The pleural effusion after tem- 
porarily loculating was reabsorbed, and did not become infected (fluid peni- 
cillin level 0.078 Oxford units). A patient (Case 11) treated at another hos- 
pital, under onr direction, might possibly have been saved if penicillin had 
been started earlier. 


Streptococcal pulmonary infections: The latter two of the three eases are 
presented in some detail. 

Case 13 (Table IX). — The patient was growing more critically ill in spite of adequate 
snlfadiazine therapy, and presented the picture of overwhelming generalized sepsis: bi- 
lateral bronehopneumonis, septicemia, widespread erythematous and hemorrhagic wanrfe®- 
tatlons left pleural effusion, and physical and electrocardoigraphic evidence of peneardm 
with effusiom Forty-eight hours after the start of penicillin there was remarkable i® 
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Table XI, early and large appendiceal abscesses almost constituting lo- 
calized peritonitis. Both patients had smooth postoperative courses in spite of 
surgical intervention during the most dangerous period of the disease. These 
results are encouraging and arc in accord with the interesting animal experi- 
inents conducted by Pauley and associates,®^ in which they found that appen- 
dical peritonitis in dogs carrying a 50 per cent mortality when treated by 
sulfonamides showed 0 mortality wdicn penicillin -was started %vithin one hour 
of the operation and 21 per cent mortality when penicillin was begun twelve 
hours after the appendix-ligating operation, Eegardless of the numerous 
gram-negative organisms present in appendical peritonitis, the streptococci 
and anaerobes are undoubtedly of chief importance in pathogenesis. In con- 
trolling these, penicillin greatly increases the body’s defenses. It is not sur- 
prising that -where fecal leakage pensisted, as in Case 4, Table XI, and in two 
other later eases ob.servcd l)y one of us (J. E. H.), even large doses of penicillin 
■were of no avail, 

Pcnicillhi in Liver Abscess. — ^With the exception of the patient (Case 4, 
Table XII) who was not started on penicillin until e.xhausted by sixteen days of 
high fever and sepsis, our results in these few cases are highly encouraging. 
A patient (Case 2, an early one) receiving only 80,000 units a day would have 
responded, in our opinion, more promptly to 120,000 to 200,000 units. Case 3 
(see penicillin chart, Fig. 6) is here presented in detail. 

An IS-yc.nr-old .soldier, a patient of Lieutenant Colonel J. B. -WelLs in consultation 
■with us, was admitted to the Station Hospital, Fort McClellan, with a probable localizing 
appendiceal peritonitis. He grew rapidly worse despite vigorous sulfadiazine tlii'rapy and 
multiple transfusions. When penicillin was finally started, the patient was semistuporous, 
having five violent chills a day. He was jaundiced and the liver was four fingerbreadths 
below the costal margin and tender. The spleen was readily palpable. Striking improve- 
ment was noted within twelve hours and there was abrupt cessation of chills. Eecovery 
was rapid. A single temperature spike to 103° P, on the tenth penicillin day was thought 
to be a reaction to a blood transfusion. 


Penicillin in Nonveneral Genitourinary Infections. — Genitourinary infec- 
tions suitable for penicillin therapy and study are uncommon both because the 
associated mechanical factor usually overshadotvs the infection, and also be- 
cause the infecting organisms usually are nonamenable to the drug or are 
low-grade staphylococci hardly distinguishable from contaminants. The eases 
presented in Table XIII prove nothing. Even the two patients with sustained 
symptomatic improvement (Cases 1 and 2, Table XIII) showed no bacterio- 
logie reason for this. 


Penicillin in Dermatologic Infections . — 

Sycosis wilgaris: Two patients (Cases 1 and 2, Table XIV) had previously 
received without benefit practically all known remedies including x-ray and sul- 
fonamides The first failed to respond to intensive combined local and parent- 
eral penicillin, whereas the second finally responded to prolonged heajy 
narenteral treatment combined with local applications of pemeillin m glycerin. 
No generalizations can be made here except that prolonged massive dosage 
may succeed when small or moderate ones fail. 
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Deep acne vulgam; Cases 3 and 4, Table XIV, demonstrate to our satisfac- 
tion that large dosages (up to 45,000 units every three houi-s) arc unavailing 
against infection superimposed upon a distorted, scarred and cystically-dilateid 
sebaceous apparatus. In these two cases, however, multiple excision: of iii- 
fected cysts and nodules, and primary suture, during administration of parent- 
eral penicillin, resulted in satisfactory per primam healing. 



Fig. 6. — Graphic penicillin chart, Case 3, Table XII. 


Pustular bacterid (Andrews): In Case 5 appreciable improvement wa|s 
noted seventy-two hours after institution of penicillin therapy. Improveinenl 
obtained after eight days of treatment was equal to that obtained after three 
weeks of sulfathiazole. The sulfonamide had produced a severe toxic reaction 
and was therefore no longer available to this patient. Although a longer period 
of treatment was considered advisable, the patient refused to remain under 
observation any longer so that final appraisal was not permitted. 

Penicillin in Miscellaneous Infections . — 

Actinojnycosis: We treated two patients vdth closely similar cases of actino- 
mycosis of the tissues about the angle of the jaw of twenty-nine and twenty. 
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eight months’^ duration, respectively. Both presented indurated lumpy lesions 
with active sinuses. One patient received a three-week coiirse of 6,720,000 
units intramuscularly, during which all traces of the disease other than the 
scars disappeared. Three months later there was no evidence of recurrence. 
The second patient received a six-week course of 14,945,000 units with appar- 
ent cure, only to develop a proved recurrence one month later. Thereupon a 
supiahyoid hlock dissection was performed while the patient %vas receiving 
40,000 unit doses every three hours. The Avound healed per primam and peni- 
cillin Avas continued for tAventy-four days postopcratiAmly. 

The diffei’cnce in re.sponse of these Iavo patients to penicillin suggests 
Avide A’ariability in susceptibility among the actinomyees. The prompt recur- 
rence in the second case after apparent cure sugge.sts that the fungus, sealed 
Avithin the dense scar tissue of the 1e.sion, is not aceo.ssiblc to the drug. It sug- 
gests also that the involved tissue should be radieall}'^ excised AvhencA'^er possible. 

Suppurative parotitis: One AvoAild expect that .suppurati\m parotitis usually 
caused by one of the pyogenic cocci and ehai’actcrizcd, at least in its early stage, 
by nonsuppxirativc cellulitis, Avould respond readily to penicillin. In our tAvo 
patients, both of Avhom received 25,000 units intramuscularly every three hours, 
response Avas dramatic. 


Case 1. — An otherwise healthy young sergeant had early moderate left parotitis cultur- 
ing hemolytic Staph, aureus susceptible to .01 units and alpha hemolytic Sir. salivarius sus- 
ceptible to .0012 units. Temperature and tomlcrncss subsided in twenty-four hours and 
resolution was complete in ninety-six hours. 

Case 2. — A 59-year-old patient, hv’pcrten.sive, with renal failure and .«evcrc az')temia 
(B.U.N. 97) developed over two days' time a large, very painful and exquisitely tender, hot 
swelling of the right gland. Complete relief of pain and definite reduction of swelling 
came within twelve hours and by the fifth day when therapy stopped, there remained only 
a small, nontender swelling. Xo drainage wn.s noted, hence no culture was obtained. 


Ulcerative colitis: Tavo patients AAith severe, chronic ulceratwe colitis of 5 
and 9 months’ duration Avith typical roentgenologic findings and nonspecific 
' stool cultures shoAA^ed no improvement on penicilJin ^herap 3 ^ One receiA'ed 
• 2,940,000 units over thirteen days, the other 6,806,000 units over twenty-e;gbt 
days, as Avell as colonic irrigations of penicillin solution. The latter patient later 
shoAved improvement on sulfasuxidine. 

Gonorrhea in tvomen: FoIloAAdng the initial case, Avomen Avith gonorrhea 
Avere turned OA'er to Jlajor Laman Gray, Chief of the AVomen’s Surgery Section. 
An important observation Avas made by Gray in his tAvelve reported eases,*® 
namely, that although the local and systemic infection Avas rapidly controlled, 
almost invarial)ly the patient Avas left Avith bilateral tuho-ovarian masses and, 
therefore, Avith a prospect of probable sterility. In the ease here presented the 
small tuho-ovarian abscesses might have been overlooked but for the gyne- 


cologist’s specialized touch. 

tw.,,. h.™. whh. 



HAMILTON ET AL. : PENICILLIN THERAPY OF INFECTIONS 


217 


eight hours the initial temperature of 302.8' F. returned to norma! and the patient felt 
greatly improved. On the seventh day of treatment the patient was practically well, 
clinically, and vaginal cultures remained negative, but bilateral tubo-ovarian masses were 
made out by the gynecologist. The sedimentation rate was 10. At linal discharge sixteen 
days later the tubo-ovarian masses were little changed but the sedimentation rate had 
dropped to C. 

Early syphilis: Our single case is presented briefly. 

A 16-year-old white married woman was admitted to Walter Eeed General Hospital 
with severe hemorrhagic encephalitis complicating neoarsphenamine therapy for earl}’ 
secondary syphilis. Kahn and 'Wassermann tests were both 4 plus. On Nov. 24, 1943, 
30,000 units of penicillin intramuscularly at three-hour intervals were started and a total 
of 4,645,000 units were injected over a twentj'-ninc-day period. The serologic titers pro- 
gressivelj' weakened until by Feb. 9, 1944, both ICahn and Wassermann •were negative. 
From recent careful worh by Moore and associates-" a much smaller dosage has been found 
effective in these cases. 

Nephritis: Three patients witJi acute exacerbations of chronic glomerulo- 
nephritis received 25,000 units of penicillin every three hours for foui'teen days, 
or a total dose per patient of 2,800,000 units. No significant alteration of the 
sedimentation rate, Addis count, urine albumin content, or renal function studies 
was noted during therapy or for the three months tliereafter that the patients 
were under observation. 

Rheumatic fever: Three patients with acute rheumatic fever were treated 
ivith intramuscular injections of penicillin for fourteen days, two patients 
receiving 25,000 units every three hours, the third receiving 45,000 units at 
similar intervals. There was no appreciable clinical improvement or change in 
the sedimentation rate. Others^®' in more extensive studies have reached 
similar conclusions. 

Tuberculosis: Although it is established®”’ that penicillin exerts no in 
vitro or in vivo effect upon the tubercle bacillus, it was thought advisable by 
some to make a clinical trial in two cases. Needless to say, neither patient 
showed any response to the drug. The first, with tuberculous meningitis, re- 
ceived 10,000 to 20,000 units intrathecallj’ and 480,000 units intx'amuscularly 
each day for five days. The second patient with tuberculous pneumonia and 
pleural effusion, first suspected of coccidioidomycosis, received 3,220,000 units 
over a ten-day period. 

Chronic brucellosis: Penicillin was administered over an eight- to ten-day 
period to two patients with chronic brucellosis. Blood cultures were sterile in 
both patients. Agglutination tests for B. abortus and B. mclitensis, brueellergin 
skin tests, and opsonocytophagic indices wei’e not significantly altered during or 
after treatment nor was there any clinical improvement in either ease. One 
patient, an 11-year-old boy with periodic bouts of fever, received a total of 
760,000 units in eight days. The second patient, who had secondary uveitis, was 
given 3,600,000 units over a ten-day period. Longer periods of thei’apy and 
larger doses are indicated before a final appraisal of the efficacy of penicillin 
can be made. Both B. melitensis and B. abortus have been found to be sus- 
ceptible to penicillin in vitro.®”’ 
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Iridoojcliiis: Our vxperienee is limited to two cases. 

(1) Uveitis secondary to focalized chronic bi’ucellosis (noted previously) ' 
failed to improve after ten days of 45,000 units intramusciilarly at three-hour 
intervals. 

(2) Iridocyclitis, bilateral, slowly progressive, cause unknown, made no 
improvement after twenty-one days of intensive treatment totalling 4,955,000 
units. 


SU.MM.\RY 

1. A review is presented of the laboratory and clinical expei’ienee of the 
Walter Reed Ucneral Hospital penicillin committee from July, 1943, through 
September, 1944. 

2. The analysis includes 25:) conditions in 220 })atients for which penicillin 
treatment was administered. 
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A SAFETY FACTOR IN GASTRIC RESECTION 

PRKtJMIKAIlY RkpORT 

L. A. Aresen, JI.D., Los Akgeles, Cauf. 

A LIMITED but eneoin"i"ing’ experience wnvrants this brief preJiminar.y 
report upon a new device designed to reduce materially, if not to eliminate 
entiieh, one of the most dangerous hazards of gastric resection — disruption of 
the duodenal stump. 

Disruption of the duodenal stump following gastric resection and anas- 
tomosis by any one ol the Billroth II modifications occurs often enough to make 
it a prominent feature in the surgical literature dealing witli the treatment of 
gastric ulceration or malignancy. It is not our purpo.se to present a resume 
oi the literatiire in this initial report but rather to emphasize the danger of this 
complication, the very high mortality a.ssociated with it, and to stress a means 
for its prevention. 

In my opinion, by far the mo.st common cause of stump leakage is increased 
pressure within the duodenal lumen eonsoqncnt upon obstruction, partial or 
complete, at the ana.stomotic site. In the be.st of hand.s, angulations and kinks 
at the stoma do occur. Individual variations and conditions found at operation 
require variations in technique. Ilypoproteincmia with its consequent edema 
may play a part in closing a lumen othenvisc competent. But from whatever 
cause arising, an obstruction of the proximal duodenum leaves no egress for the 
bile, pancreatic .secretions, and tlie secretions of the duodenum itself, amounting 
to approximately l,oOO e.c. in twenty-four hours. This increased intraluminal 
pressure then seeks an alternative outlet which results in bringing too much 
stress to bear upon a stump however carefully it may have been sutured. 

The T tube here reported and illustrated was designed primarily for usage 
in the Hofmeistcr-Polya type of anastomosis as elaborated and popularized by 
the Lahey Clinic. However, other models arc available adapted for use in the 
Polya anastomosis where the entire cut end of the stomach is employed for union 
with the jejunum. 

The tube is more easily illustrated than described, and a reference to Figs. 1 
to 3 is all that is required. It is smooth of surface, presenting one vertical 
portion of the inverted T, which fits loosely into the gastric part of the stoma, 
and the other, the long curved horizontal portion, resting in the jejunum, one 
end of which extends well proximal and the other end of which extends well 
distal to the anastomotic site. At no point does tlie tube exert any pressure 
upon the bowel wall. It is inserted into the anastomosis after dl but the siitur- 
iu" of the anterior wall of the stomach and jejunum has been completed. The 
tube is fastened into the stoma by a figure-of-eight suture passing throu# the 
posterior wall of the anastomosis and tied around the tube. This suture may be 
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of silk or gastrointestinal chromic as desired. The anastomosis is then completed 
in the usual fashion. 

Reference to the illustrations will show at once the obvious merits of this 
device. The multiple fenestrations encourage free flow of duodenal and gastric 
secretions into the distal jejunum and make it impossible for blocking to occur. 
The presence of the tube during the final .stages of the anastomosis serves as a 


mold over wliich more accurate suturing 
against kinks and angulations. Should 
prevents obstruction from this cause. 



can be performed and as a safeguard 
postoperative edema occur, tlie tube 



Pig'. 1. — Diagrammatic representation of the T tube in position. 

Fig. 2. — Diagrammatic representation of tlie T tube being placed loosely in the gastro- 
jejunal stoma. 



Fig. 3. — Photograph of the T tube. 

As noted by Mr. Miller iFi a later portion of this article, the tube disinte- 
grates within a period of about ninety-six hours, thus furnisliing a dependable 
framework for the anastomotic stoma during that period when obstruction may 
occur, but dissolving and removing that framework when it is no longer re- 
quired, Mr. Miller’s extensive experience with this product enables him to time 
this disintegration quite accurately. 
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The use of this tube would in no manner preclude the use of the Abbott- 
Eanson tube at the same time. It i.s, however, my opinion that tlie T tube mil 
ob\iate this neec-ssity and will permit the discharge of liquids from the stomach 
into the clistul .fejunuin very early post operatively, h^urther experience is neces- 
sary to detonnine that point. 

The following de.scription of the eheini.slry and mechanics involved is 
furnished l)y Jlr. (Jrover C. IMiller, chemist of the .Seal-Ins Laboi'atorie.s, whose 
piojieer work on enteric coatings for tablets and capsules is well knovm. 

“The Alesen T tube is a i art her development of the principle used in the 
timed enteric coating for tablets and capsules discovered by Grover C. Miller 
.several years ago. The dependability of this coating has been proved bj* the 
following investigators; AVorton, Kempf, Burrin, and Bibbin.s,’ Wright and 
Bradyy Faust,'’- ^ and Miller and Choquetie/ 

“The material used in making these lubes*^ varies somewhat from the 
enteric coating, but the prineijde is the .same. Percentages are changed to meet 
the timing requirements. These tubes arc comj)o.sed of the following: steai'ic 
acid. U.S.P., carnaui)a wax No. 1, white purified beeswax, petroleum .felly, 
powdered elm bark, and an anfi.septie. merthiolate 1 to 7000. Also barium 
.sulfate is combined in the mi.xture .so it is po.ssible to x-ray the patient at any 
time during the disintegration of the tube. This material has a melting point of 
approximately 8.5° C. The purjiose of the powdered elm bark is to absorb water 
and expand; the expanding gradually splits away the waxes and pemits a 
further penetration of the moisture into the wall. The timing is controlled by 
the percentage of elm bark used. 

“The AlG.sen T tu])e is timed to disintegrate in ap])roximately ninety-si.x 
hours. The tube may be sterilized by placing it in a zephiran chloride solution, 

1 to 1000, for fifteen minutes at room temperature. 

now JIADE 

“The tubes are molded in 55, 60, and 65 mm. lengths on a 6 mm. rod curved 
-to 115 mm. circle. The gastric tip of the T is molded on a 11 mm. rod. The 
gauge of the wall is of approximately 2 mm. lhickne.ss.’’ 
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HYPERURICEMIA IN GASTRIC CANCER 
Bernard J. Picarra, M.D., Brooklyn, N. Y. 

(From the Department of Surgery, Kings County Eospital, and Brooklyn Cancer Institute) 

T he value and significance of an adequate protein balance to the surgical 
patient have been studied by many avrthoi’s on innumerable occasions. 
In previous studies that I did with Adams'- ■ we were able to differentiate 
hypopi'oteinemia secondary to insiiffieient dietary protein from hypoprotein- 
emia secondary to accelerated endogenous protein depletion. This differen- 
tiation was made possible by an evaluation of blood uric acid. 

Blood uric acid will rise in the presence of endogenous hypoproteinemia. 
This results from the patient’s attempts to replenish his protein deficiency 
through endogenous protein secured from his own body. Clinically this state 
is revealed in the loss of strength and weight. Chemically it can be demon- 
strated in an elevation of uric acid. The greater the hyperuricemia the more 
accelerated is the rate of endogenous protein metabolism. The reason for the 
hyperuricemia is the fact that uric acid is one of the end products of endog- 
enous protein metabolism.^ 

When uric acid is the end product of body purine metabolism it is called 
endogenous uric acid. The terra endogenous is used to distinguish the uric 
acid formed from the purines produced in the course of the digestion of food 
pi'oteins. Endogenous uric acid is derived from the breakdown of nuclear 
material found in muscle tissue and glandular structures. An increase in 
endogenous uric acid results in an elevation of blood uric acid (normal value 
taken is 3 mg. per 100 c.c. of serum). A uric acid value above this level is 
termed hyperuricemia. 

In considering hyperuricemia, other causes for an elevated blood uric 
acid must be remembered. Primary liver disease may produce hyperuricemia 
if the disease process is sufficiently advanced to result in impaired hepatic 
physiology. Since uric acid destruction occurs in the liver a resulting hyper- 
uricemia is easily understood. Renal failure also causes an early rise in blood 
uric acid. The status of the liver and kidneys can be determined by specific 
chemical tests directed at evaluating these organs. When the liver and kidneys 
are not primarily impaired, a pre-existing hypoproteinemia accelerates endog- 
enous purine metabolism. This aecelei’ated endogenous metabolism results in 
hyperuricemia. The significance of hyperuricemia is that it is an indicator 
of the degree of endogenous protein metabolic activity. Thus a graphic pic- 
ture of the patient’s nutritional state can be evaluated by a physiochemieal 
analysis of the blood.” 

In order to interpret adequately the relationship between serum protein 
and serum uric acid, both determinations must be performed simultaneously. 
It has been found that patients with gastric cancer usually have a lowered 
serum protein. This hypoproteinemia results because of a loss of appetite, 
especially for meat, and the fear of eating because of nausea and vomiting. 
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Table L Pboteik akd Uric Acid ^loes ik Gastric Gaxcee Patients With Slight 

Hyperuricejiia 


CASE 

AGE 

(TR.) 

SEX 

SERCSI 

PROTEIN 

SERUM 

URIO ACID 

WEIGHT 
LOSS (LB.) 

PERIOD OP 
weight loss 
(MO.) 

J 

2 

3 

4 

5 

6 

7 

S 

42 31 

49 31 

57 31 

GO P 

50 M 

49 3f 

GO F 

57 M 

6.2 

6.5 

G.l 

6.0 

6.5 

6.0 

6.0 

6,1 

3.9 

3.7 

3.9 

4.0 

3.7 

4.0 

3.9 

3.9 

12 

10 

12 

15 

10 

14 

13 

14 

6 

8 

7 

6 

8 

7 

6 

6 

Table II. Pp/itein and 

Uric Aod Values in Ga.strio Cancer Patient.s IVith 
3roDER.vTE Hyperuricemia 


AGE 


• 


period or 


(YR.) 

.SERUM 

SERUM 

WEIGHT 

WEIGHT LOSS 

CASE 

SEX 

PROTEIN 

URIO ACID 

LOSS (LB.) 

(iW.) 

1 

52 .M 

5.5 

4.2 

15 

6 

O 

G.3 P 

5.5 

5.0 

23 

4 

O 

55 M 

5.9 

5.0 

25 

4 

4 

57 31 

6.0 

4.5 

16 

6 

5 

5j 31 

5.5 

4.9 

20 

5 

c 

5S P 

6.0 

4.5 

15 

6 


Table III. Protein and Uric Acid Valves in Gastric Cancer Patients With Marked 
HyPERURICEJHA INCI.H0ING POSTOPEK-VTUT COMPLICATIONS 


case 

AGE 

(YK.) 

SEX 

SERUM 

PROTEIN 

SERUM 

URICACID 

WEIGHT 
LOSS (LB.) 

PERIOD OF 
WEIGHT 
LOSS (.MO.) 

POSTOPERATIVE 
( COMPLICATION 

1*- 

2 

0* 

*j 

4 

5 

6 

56 31 

62 31 

57 31 

02 3t 

67 31 

65 P 

5.0 

4.0 

4.5 

4.5 

5.0 

4.5 

5.0 

5.2 

5.5 

5.4 

5.0 

5.2 

25 

30 

30 

25 

25 

25 

4 

3 

O 

im 

4 

4 

3 

Gouty arthritis 
Bronchopneumonia 
and wound infection 
Gouty arthritis 
Bronchopneumonia 
Wound dehiscence 
Bronchopneumonia 
and wound infection 


•Cases previously reported elsewhere.* 


The diet usually consists of simple fluids •without adequate protein. The result 
is an inevitable progressive hypoproteinemia. ffypoproteinemfa of this type 
usually is associated with a hyperuricemia. The lower the protein level, the 
higher will be the uric acid level. 

A normal uric acid in the presence of a h.^'poproteinemia signifies that a 
sufficient amount of exogenous protein is arailable to prei'ent the utilization 
of endogenous protein. This indicates that sufficient protein is available to 
satisfy the basic protein requirements of the surgical patient with gastric 
cancer. An intelligent interpretation of blood uric acid in association with 
serum, protein values will indicate the ratio between exogenous and endog- 
enous protein metabolism. These studies have been employed in twenty 
patients with gastric cancer. From these studies a physiochemical prognostic 
^uide to the nutritional state of the patient with gastric cancer was available. 
Current ob.sen-ations, discus.sion, and conclusions on hyperuricemia in gastnc 
cancer follow. (See Tables I, 11, and III.) 



WCAKRA: HYl’ERURICEMIA IN GASTRIC CANCER 


225 


DISCUSSION 

The majoritj" of patients with gastric cancer iiave an alteration in their 
normal dietary regime. As the disease progresses complete loss of appetite 
may occur followed by an almost total abstinence of food because of nausea 
and vomiting. This results in an inadequate protein intake and a subsequent 
hypoproteinemia. The daily protein requirement can be determined from the 
amount of nitrogen eliminated in the feces and urine in twenty-four hours. 
This total nitrogen excretion per day multiplied by 6.25 will give the approxi- 
mate amount of protein destroyed over twenty-four hours in the gastric cancer 
patient. An intake of protein equivalent to the protein destroyed in the body 
will usually suffice to keep the human body in positive nitrogen balance. This 
basic protein requirement for an average man (70 kg.) is 70 Gm. The present 
studies concern the gastric cancer patient who does not obtain this basic 
requirement of 70 Gm. of protein. 

As has been previously stated, the lack of protein intake quickly results 
in a hypoproteinemia. The human body attempts to correct this disturbed 
physiologic state by calling upon the body protein. This stimulus accelerates 
endogenous protein metabolism with a subsequent increase in blood uric acid. 

Current observations on this topic have led to the belief that a causal 
relationship exists between hyperuricemia and hypoproteinemia. This belief 
is founded upon many more studies of uric acid and protein than are presented 
here. An indication of the relationship between the two may be gleaned 
from Fig. 1. 

Specific study of twenty patients with gastric cancer has corroborated 
the interrelationship between hyperuricemia and hypoiiroteinemia. We have 
divided these cases into three groups according to the degree of hyperuricemia. 
The terms mild, moderate, and marked are employed to identifj’^ each group. 

The first gi’oup of eight patients had slight alteration in serum uric acid 
and the patients categorized as having mild hyperuricemia. The uric acid 
values ranged from 3.7 to 4 mg. per 100 c.c. of serum. Serum protein deter- 
minations were 6 to 6.3 Gm. per cent. This uric acid value is taken as the 
uppermost limit of normal, and the protein as the lowest normal level. 
Patients in this group appeared to have secured a harmonious balance between 
exogenous and endogenous protein metabolism. These patients had a dimin- 
ished protein intake but no complete lack of exogenous protein. In this group 
weight loss was the least (ten to fifteen pounds) and extended over a pei’iod 
of from six to eight months. These patients had the best prognosis, the least 
postoperative complications, and were restored to positive nitrogen balance 
rapidly. 

In the intermediate gi'oup, the six patients were categorized as having 
moderate hyperuricemia. The uric acid values in this group ranged from 4 
to 5 mg. per cent -with protein values of 5 to 6 Gm. Patients falling into 
this category gave a history of fifteen to twenty-five pounds loss of weight 
over a period of four to six months. In general these patients tolerated opera- 
tion well after an adequate preoperative regime which included a correction 
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of the hypo])roteinemia. Posloperativc complications wore infrequent and 
when present were of minor oonsidcration. 

Particular interest lierc concerns the last group of six patients wlio had 
pionounced hyperuricemia. Tlie.se patients had insufficient protein intake 
■which produced a hypoproteinemia. In order to compensate for this lowered 
protein level, protein was mobilized from the body tissues to rectify the 
lu popioteinemia. The serum uric acid level became elevated since it is an 
end product of endogcuoms protein metabolism. This accelerated endogenous 



Fig. 1. — Graphic relationship between hyperuricemia and hypoproteinemia. Completed line 
indicates the relationship between total protein and uric acid’ values based upon cases pre- 
sented. Incompleted lines suggest further ratio as revealed in other case studies. 

protein metabolism was displajmd clinically by a loss of twenty-five to thirty 
pounds over a period of two to four months. Accelerated endogenous protein 
metabolism of this type is characterized by a rapid loss of weight over a short 
period of time. Physiochemically it is demonstrated by a low protein and a 
high uric acid. In the six patients studied the senim protein fell to a level 
of°4 to 5 Gm.; the serum uric acid value rose to 5 and 5.5 mg. per cent. 

Hyperuricemia as displayed by this gi'oup is significantly valuable as a 
nro<^nostic guide to postoperative complications. Studies of many cases falling 
nto'’ this catecrory, in addition to those discussed here, have indicated that 
most complications occur in patients with marked hyperuricemia. These 
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complications may lie sliglit or severe. Tiie most frccpiciitly eiicoiinlcred com- 
plications are ; 

1. Muscle -weakness and faligabilify 

2. Nutritional edema 

(a) Edema ot sacrum and ankles 

(b) Edema of anastomosis, stoma, and gastrointestinal mucosa 

(c.) Delayed Avound healing and/or wound dehiscence 

(d) Circulatory in.suffieieney 

(1) Diminished urinary output. 

3. LoAvered resi.stancc to infection 

(a) Wound infection 

(b) Postopera th'e pneumonitis 

(c) Urinary infections 

4. Postoperative gouty arthritis 

Of all the postoperative complications mentioned the most interesting is 
postoperative gouty arthritis. A definite pattern in the production of post- 
operative gouty arthritis cannot be stated Avithout dispute. HoAvever, in a 
previous publication a patliAA'ay in the production of this complication Avas 
postulated.^ The mechanism adA-anced Avas that in tlic presence of a hypo- 
proteinemia, endogenous purine metabolism is accelerated. This accelerated 
metabolism results in a hyperuricemia AA'hich is the precipitating agent for' 
the deposition of urate crystals on a preA’iously damaged cartilaginous joint 
surface. In my report Avitli Adams^ of five instances of po.stoperative gouty 
arthritis, all patients had a Amrying degree of osteoarthritis. Prom this it 
can be appreciated that hyperuricemia may have a more far-reaching sig- 
nificance than is apparent at the present time. 

Aproiios of this statement, recent experimental publications on the effects 
of a loAV lysine diet on the groAvth of spontaneous mammary cancer may find 
some association AA'ith uric acid metabolism.® Briefly, this research has shoAvn 
that the rate of tumor groAvth in mice can be inhibited for short periods of 
time Avhen a diet is administered in AA’hich lysine is deficient. (Lysine, an 
essential amino acid, has been establi.shed as essentially a growth factor.) 
This is further substantiated bj’ the rapid rate of tumor groAvth Avhen lysine 
is added to the diet. On the basis of these observations it seems that neo- 
plastic tissue, like normal somatic tissue, requires protein for groAVth.® It 
seems logical that this needed protein is taken from the protein reseiwes of 
the body. This Avas proved by the fact that the experimental animals had a 
marked Aveight loss.® Apparently this situation paralleled the lo.ss of Aveight 
observed in the patients preA’iously presented. 

In vioAV of this experimental obseiwation on mice, another factor in the 
acceleration of endogenous protein metabolism appears to be at Avork producing 
a hypoproteinemia. This hypoproteinemia may be increased because a groAV- 
ing cancer Avill utilize the most readily aA-ailablc body protein. This ncAv 
source of increased endogenous protein metabolism, in addition to other factors 
previously mentioned, Avill further incrca.se the hyperui-icemic stale. Perhaps 
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addition;!! future studies on liyj)cruriecmi;i m;!,r bring jo Jiglit some method 
of calculating the rate and cxlont of cancer groivlli. 


SUMMARY 

1. Attention is called to the significance of liyjicruriccniia in the exact 
evaluation of the nutritional state of jiaticnts wiili gastrie caneor. 

2. The iinportanco ot serum uric acid study in conjiinetion with serum 
jirotein determinations is stressed. 

3. Twenty gastric cancer jiaticnts with alterations in scrum uric acid and 
protein were studied and tlie results presented. 

4. According to the degree of uric acid elevation, these patients have 
been categorized as having mild, moderate, or marked hy))ernriecinia, 

.5. Each grouj) is discussed in terms of weiglit loss and the length of time 
over which the loss occurred. Ihnphasis is ])laced on tlio.se patients with 
marked iiy jiern ricem ia , 

6. Jlaiiy of the complications as.sociatcd with liyjiojirotcinemia and hyper- 
uvieemia, including iiostopcrative gouty arllirilis, were found in tlie group 
with marked hyjicruriccmia. 

7, Alenfion is made of recent cancer rc.search on the grou'th of cancer 
and the possible association of the rate of eaneer growth with the facts pre- 
.sented hero. 

coxcnusioxs 

The present physiochemical analysis of twenty jintient.s with gastrie cancer 
coincides with the current study on the relationship between li.Tpoproteinemia 
and hypeniricemia. This infcrrclationship indicates that a more complete 
evaluation of the mitvitionnl state of the surgical patient can be obtained by 
studying the blood serum uric acid in conjunction witii a serinn protein deter- 
mination. Heretofore it was believed that jirofein study alone was sufficient 
in evaluating the nutritional state of the liody. It is Imped that the signifi- 
cance of hyperuricemia in patients with gastric eaneer has been emphasized. 
The importance of hyperuricemia is stre.sscd, first, because it differentiates 
hypoproteinemia subsequent to insufficient exogenous protein from hypopro- 
teinemia resulting from accelerated endogenous protein metabolism. Tims, 
the exact source of protein depletion can fac identified and corrected. Second, 
it will assi.st in foretelling postoperative com i)Iicat ions usually associated with 
a debilitated nutritional state in patients with gastrointestinal cancer. 

Many of the cases reported in this study were investieated by the author during- his Fel' 
lowshlp in Surgery at the Uiliey Clinic, Boston. Mass. 
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]\IULTIPLE CARCINOI^IAS OF THE STOIMACH 

Case Presentation AVith Five Primary Separate AIaeignant Lesions 
Treated by Totai^ Transthoracic Gastrectomy 

Julian A. Rickles, j\LD., AIiami, Fla. 

{From the Department of Independent Snrpcry, Charity ITospital of Louisiana) 

T here has been a great deal of ))rogrc.ss made in tlie technique and end 
results in transthoracic resections of the stomach since the first successful 
ones were done by Ochsner and DeBakey in ]93S.’‘^ Although the abdominal 
route to total gastrectomy in moat hands still offers less risk to the patient/''’ 
there are many lesions involving the lower end of the esophagus which cannot 
be attaeked by this approach. The fii’st successful total gastrectomj’- by the 
transthoracic routci was done by AVilly iMeyer in 1942." Since that time Sweet 
has reported eighteen eases with seven deaths, a mortality I’ate of 38.8 per 
cent, which results compare favorably to those resections done b.y the abdominal 
route.®'” The success of surgery of this magnitude in these debilitated patients 
depends on adequate preoperative iireparation; rapid, careful surgical tech- 
nique with expertly administered anesthesia; and careful postoperative care. 

The occurrence of multiple benign lesions of the stomach has been reported 
several times, and, although multiple malignancies of the gastrointestinal tract 
are second most frequent to skin lesions,’- multiple malignancies of the stomach 
are comparatively rare lesions. AValters, Gray, and Priestly’® stated that 
malignant growths of the stomach are invariably single, but pointed out that 
frequently there is little to distinguish a malignant from a benign growth 
microscopically. Brindley, Doekerty, and Gray” reported twenty-three mul- 
tiple malignancies of the stomach out of 1,184 carcinomas of the stomach seen 
at the Mayo Clinic between 1932 and 1941, an incidence of 1.94 per cent; 
and they reported an additional patient with four adenocarcinomas of the 
stomach. Owen’® in 1921 reported a patient with four primary malignancies 
of the stomach. Of all patients with multiple primary malignancies at autopsy, 
multiple malignant lesions of the stomach occupy about 2.8 per cent.’® 

The case to be presented is doubly interesting in that the patient had 
five primary cancerous lesions of the stomach and he was treated by trans- 
thoracic gastrectomy. 

CASE report 

H. G. (I 44 152199). — 54-year-old Negro man entered Charitj- Hospital Sept. 19, 
1944, complaining of pain in the epigastrium of four months’ duration. The pain started 
while the patient was receiving anti-sj-philitic therapy from his local physician. Once the 
pain started it remained as a constant burning pain which was not relieved by soda or food. 

the Spring- Staff Conference of all Surgical Specialties, Charity Hospital. 
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lie vomited at least once daily but not at any [miticuliir time of the day. During the 
four-month jieriod his weight decreased from 12.1 to 102, pounds, a loss of twenty-two 
pounds. The past history wa.s c.=scntia)ly negative, Xo primary syphilitic histoiy was 
obtained, 

Fliiisiral Krnminatiott on Jtimixxion . — The patient, of above average intellect, had no 
acute (listless. Blood jnessuro was .'<-}/?; temperature, 100.-I° F.; pulse, 74; respirations, 
20. Tlie skin showed exideiiee of ehionie deiiydration. Head and neck were found essen- 
tially negative. In the chest, the lungs and heatt were es-sentially normal. The abdomen 
was soft, xtith no masses, and slight guaiding in the fpig.asfiium. There were no scans. 
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Genitals were normal. lioctal c.xaminatioii revealed no masses and no rectal shelf. 
Extremities and reflexes wore normal. 

The admitting diagnosis was carcinoma of the stoinach. 

Lahoratory . — September 20, hemoglobin was 12 Gm.; white blood cells, 5,200; normal 
differential. Urine was essentially negative. 

September 22, gastrointestinal series showed no' abnormalities of the esophagus or 
duodenum. A small ulcer was found on the prepyloric portion of the stomach. 

October 2, blood urea nitrogen was S.7. llippnric acid liver function tost was normal. 
The diagnosis remained carcinoma of the stomach despite the x-ray report. 



Fie. 3. — The .second tumor in the body, showing junction of normal and malignant tissue ; 
note tortuous malignant glands (X200). 

Oct. 5, 1944, exploration was done through an upper midline incision. A large car- 
cinoma of the cardia was found which had extended into the thoracic esophagus. A smaller 
very soft lesion was palpable at the pylorus which did not seem to involve the muscularis 
or the serosa over it. There were several small lymph nodes in the lesser omentum, but 
theie were no palpable nodules in the liver. The greater omentum contained several small 
nodes at the pylorus but these were soft. The rest of the abdomen was thoroughly ex- 
plored and was essentially normal. Tlie stomach was then opened; the small soft lesion 
at the pylorus, was biopsied and the stomach was then closed. The lymph nodes at the 
pylorus were removed and together with the biopsy of the lesion at the pylorus were sent 
for frozen 'section. The gastric lesion was reported as malignant and nodes showed no 
evidence of malignancy. It was obvious that any cuiative procedure would have to be 
done by the transthoracic route because of the extent of the lesion at the cardia. The 
stomach was then thoroughly mobilized by removing the greater omentum from the trans- 
verse colon and the lesser omentum from the liver. The left gastric, left gastroepiploic, 
and right gastroepiploic vessels weie then ligated and .divided near their origins, and the 
greater and lesser omenta were sutured to the anterior surface of the stomach. The 
abdomen was then closed using chromic catgut No. 000 for the peritoneum, and interrupted 
cotton sutures for the fascia and for the skin. The patient was given 500 c.c. whole blood 
on the operating table. Convalescence was excellent and the patient was given a high 
protein, 4,000 calorie diet on the first postoperative day. Sutures were out on the ninth day. 
He was scheduled for the second stage of the operation on Oct. 20, 1944, but this had to 
bo canceled because of an upper respiratory infection. 
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On Oct. 27, 1944, through a ninth intercostal space incision a total transthoracic 
gastrectomy was perfonnocl. Considerable difficulty was encountered .separating the stomach 
from the pancreas but otherwise no special difficulties wcie experienced. About two and 
one-half inches of csophagu.s were removed with the .stomach. An anastomosis was made 
between the jejunum and the esophagus in the chest cn^i(J, using an inner row of con- 
tinuous lock chromic catgut iS*o. OOO .aiid an outei tow of interrupted quilting cotton. The 
Lcmii tube was threaded into the di«tal jejunal loop for feeding. The patient was gi\en 
2,o00 c.c. of blood on the day of opeiafion. The posfoperafiic couise was eveellcnt. Tube 
feeding was started on the fust postopeiatiio day tlirongh the Leiin tube that Iind been 



Fig- 4 _T)io third tumor fn tfic both. showin«r Junction ot normal and malignant 
ular tissue note loss of differentiation in tbc ni ilign int cells in the upper half of tne 
In contrast to the woH-difreientinUd gl indiil.ii cells below (X200). 


gland- 

section 



utnors in the body (X200). 
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placed iu the distal jejunal loop. Oral feeding of a high caloric soft diet uas started on 
the third postoperative clay because the patient pulled out the jejunal tube. Nov. 3, 1944, 
ho was given 500 c.c. of ccliole blood to correct the anemia. A uound infection was drained 
on November 7, and opened into the chest cavity on Norcmbei 9. Tliis ccouiul continued 



FIS'. 6. — The flftli tumor, m the pj torus, note the malignant tlirombus on the left side (X61). 



!• ig. 7 — \ different magnification of the second tumoi , shou mg targe tortuous malignant 

glands (X61). 



sui!Gi:ifv 






/ 


Fig. 9 — The stomach !S opened along the posteiioi suiface n.^a! to the )es=ei cunature. 
The normal esophageal mucous .nenihrane is folded back and does not s!iot% well The large 
tumor of the caidia can be seen extending into the esophagus The deep ulceration m this 
tumor lies mainlj m the esophagus Tins tumoi had metastasized to the hmph nodes of 
the lesser omentum, it iniohed ail of the laxers of the stomach Mail Three small pedun- 
culated groMths are present in the bodx These Mere limited bx the submucosa and did not 
inx'ade the muscle Although niuch alike nucioscopicalh', these tumoi s Mere sepaiated bv 
normal mucosa and subinucosa The papillomatous groixth at tlie pylons is 3 cm in diam- 
eter at the base but also does not involxe the rauscularis This is the tumor that Mas 
biopsicd at the first opeiation. 
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to drain until Deceinbor ti, at wliicli time a large (iilk suture wliicli had been used to- 
approximate the ribs was extruded, after which the wound rapidly healed. Gastrointestinal 
series on November 28 showed no fistula and a large dilated upper .iejumim which emptied 
rapidly. The patient was discharged on December 11 in good condition. 

He took care of Ids farm until February 1-1, at wliich time distention began. Ilis 
local physician cared for him at lionie until his death, Feb. 28, Ifl-15, which was attributed 
to carcinoma of the rectum. No biop.sy was taken and auto])sy was not available. lie did 
not return to the Iiospital after being di.scharged and the only follow-up was obtained 
through the local social service worker. It seems more logical to suspect that deatli was 
due to metastases from the large carcinoma of the cardia, rather than a now carcinoma of 
the rectum, as his rectum was negative to digital examination at this ho.spital. 

Paihology licport . — The specimen consisted of (> centimeters of esophagus, the entire 
stomach including the pylorus, the greater and lesser omenta, and lymph nodes. Tlie stomach 
had been previou.sly opened and measured open 15 by IS cm. A portion of greater omentum 
measuring 10 by G cm. with a thickness of 1 cm. was attached to the greater curvature. 
It consisted of numerous .lobules of fat in which no firm nodules could be felt. The serosa 
of the stomach was pale yellow, smooth, and showed a few petechiae. Toward the cardiac 
end the wall of the stomacli was very firm, rigid, and iiemorrliagic. If measured in its 
thickest portion 3.5 cm. and extended 4.5 cm. from the resected border. The lumen of the 
cardia measured 2 cm. in its narrowest portion. Tlie mucosal surface of the cardia was 
very coarsely granular, yellowish red with an ulcer in tlie central ])ortion measuring 1 by 
.05 cm. and approximately 0.3 cm. in depth. The base of the ulcer was yellow and soft. 
The edges were smooth yellowish red, firm and rounded. The fundus of the stomach was 
soft and covered with a hemorrhagic mucus. Extending from the lessor curvature to the 
greater curvature were four sessile, pedunculated masses. The largest was 3 cm. in diameter 
at the base. They involved the mucosa and the submucosa, but not the muscularis. They 
were pale yellow, smooth with a few small furrows but not ulcerated. 

Microscopic Diagnosis. — (1) Four papillary adenocarcinomas of the mucosa of the 
stomach apparently arising from adenomatous polypi. (2) Ulcerating carcinoma of the 
cardiac end of the stomach infiltrating the muscularis, with metastases to the perigastric 
lymph nodes. 


.SUMMARY 


A case is reported with five primary carcinomas of tlie stomach treated 
hy transthoracic total gastrectomy. As far as I could determine this is the 
first reported case of this type. A radical total gastrectomy was successfully 
performed transthoracically, but the patient died suddenlj" three months later 
after a sudden onset of distention, which may have been due to metastases. 


an.i Charles Dunlap of the Department of Pathology of Tulane University 

qM.orTi V Stewart of the photographic department of the Louisiana State Medical 

ociiooi tor their help and advice in preparing the photographs. 
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EARLY DIAGNOSIS AND MANAGEMENT OF S^^IALL INTESTINAL 

OBSTRUCTION 


Claude J. Huxt, M.D. ,* Kaksas City, I^Io. 

(From the Surgical Sorirc Jlcsinrch Hosinial) 

T he purpose ol this discussion upon the early diagnosis and treatment of 
small intestinal obstruction is to emphasize the possibility of this condition 
in abdominal colic not localized to any ciuadrant or specific viscus in the abdomen. 

Small bo^Yel obstructions may be divided into those external, on the sui'face 
of the abdomen, and those hidden within the abdominal cavity. 

Those on the surface of the abdomen arc strangulated obstructions and 
are easily diagnosed. Rarely is there prolonged delay because the patient is 
awai'e that the long-existing hernia is no longer a symptomless affair but has 
suddenly become an irreducible mass, firm and hard. Tlie abdominal pain and 
symptoms are associated with this persistent ))rotrusion. The physician, more 
accustomed to recognize the significance of this clinical entity, promptly calls 
surgical consxfitation and operative intervention is instituted, usually before 
bowel gangrene intervenes. 

"We have not been sympathetic with attempted medical reduction of stran- 
gulated hernia. "We know that, if successful, nothing permanent has been done 
to prevent its recurrence and that the viability of the reduced bowel is specu- 
lative. "We know that it is better to reduce the bowel under direct vision, in- 
spect it carefully for adequate circulation, and repair the hernial defect. Then, 
and only then, can one be certain of the viable continuity of the bowel and 
only then has anything been done to prevent a recurrence of the catastrophe. 
We, therefore, do not attempt manipulative reduction in strangulated hernia 
but advise immediate surgical repair. 

Those obstructions within the abdomen are hidden from sight and the diag- 
nosis is often delayed because the symptom complex is not appreciated by the 
attending physician. Delay in i-eceiving medical attention is due to a belief 
by the patient that the abdominal pain is due to some insignificant cause. Often 
many harmful home I’emedies have been used. As the result of this delay and 
ill-advised treatment, serious complications often have developed. The situation 
IS, therefore, frequently the result of delay of both patient and physician; con- 
sequently, when first seen the patient is in an advanced stage of small bowel 
obstruction, presenting distention, vomiting, and often peritonitis from bowel 
rupture. 

The intra-abdominal small bowel obstruction may be a simple form of 
obstruction in which the viability of the bowel is not in jeopardy, or it maj' 
be a str angulated or volvulvm type in which the blood supply is obstructed and 

paper -was to have been presented at the meeting of the Central Surgical Asso- 
ciation, Chicago. III., February, 1945. (Meeting canceled.) 
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gangrene is imminent. In tire former, delay is not so serious and can be tol- 
ei’ated; in the latter, delay is serious and may mean the life or death of the 
patient. 

The simple or nonstrangulated types of obstruction may result from hands 
of adhesion, angulation of the horvel by adhesive bands, or intrinsic lesions rdthin 
the borvel, sirch as an obstructive gallstone or neoplasm. Immediate operation 
is not a problem in simple nonstrangulating obstruction. Ilorvever, rvhen the 
blood supply is damaged to a segment of small bowel, as happens in a strangu- 
lation. volvulus, or intussesception, it becomes of paramount importance and 
must be released at once, regardless of the physiologic re.sourees of the patient, 
othemvise gangrene, rupture, and peritonitis will ensue. Here rehabilitation 
nieasm-es must, for the moment, be deferred in the intere.st of bowel viability. 
Thus the surgeon is faced with two problems in small bowel obstruction : Fimt, 
a clear distinction must be made as to the probable nature of the obstruction. 
Second, the integrity of the blood .supply to the bowel must be carefully con- 
sidered. 

There are some points of diagnostic importance which will aid in arrmng 
at a rather accurate conclusion. In simple obstruction, rigidity and localized 
abdominal tendeniess are not present. In loop obstruction where the bowel 
is strangulated by a loop of bowel either passing through a band of adhesion 
or becoming tudsted upon itself in the natxire of a volvulus, there is localized 
abdominal tenderness and some ingidity, as the di.stended loop of bowel con- 
tacts the parietal peritoneum. This is likewise tme in intussusception of the 
terminal ileum into the ascending colon and to some extent with bands of ad- 
hesions to the anterior parietal peritoneum obstructing the bowel. When local- 
ized tenderness and rigidity are present in small bowel obstruction it may be 
stated that a strangulated loop of bowel is present and the blood supply is in 
danger. 

While intestinal obstruction presents few or no early physical signs, their 
very absence indicates that there is no localized inflammatory process in any 
' £ the four quadrants of the abdomen. The colic is diffuse and periodic and 
'differs from any other form of abdominal colic, which is usually localized in 
' character and constant in type. The signs of a localized process are not present, 
as in acute mflammation of the appendix or gall bladder, or a perforated duo- 
denal ulcer. The pain in obstruction comes in paroxysms, ndth intervals of re- 
lief. Peristalsis may be seen over the abdomen during the spasms of pain, and 
auscultation may reveal the increased sound of intestinal contractions. The 
abdomen presents a noisy rumbling sound during these paroxysm.s — borborygmus. 

It must be remembered, as emphasized by Wangensteen and Goehl, that the 
passage of gas or movement of the bowels does not eliminate the possibility of ob- 
struction. The bowel distal to the obstruction is unimpaired and may function 
normally, completely emptying itself of gas and feces. Wangensteen and Goehl 
stated that good results may be obtained by an enema, and unless this is kept 
in mind, a false security may result from a copious passage of gas or evacuation 
of the bowels. 
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Vomiting is dependent upon ilie dural ion and the level of tlie obsl ruction. 

The very absence of early i)hysical signs suggests the possibility of bowel 
obstruction and, in a patient wlio lias had one or more abdominal operations, 
should bring to the .surgeon's mind the i)Ossibility of an adhesive obstruction 
and cause him to seek the information which the radiologist can so accurately 
furnish. 

The typical transverse ])allern, dc.seribed by Case, is not necessary for a 
diagnosis of small bowel obstruction. Collection of gas in the small bowel in 
the adult may be considered as .synonymous with obstruction. In very small 
children, gas may be seen in the small bowel and be of no diagnostic significance. 
The presence of gas after obstruction is not a late development; it is seen early 
after the onset of the obstruction, usually being demonstrable without diffieultj* 
in four or five hours. The distribution of the gas in the small intestine is 
indicative of the probable type of lesion. Again lot me emphasize that in 
simple obstruction it may be centrally located, with a transverse long axis, while 
in loop obstruction the dilated loops may assume no definite-pattern, and proxi- 
mal bowel distention is slow in developing. If the walls separating loops are 
tluck, it signifies the presence of fluid or exudate. Gas in the lai'ge intestine 
is quite in contrast to gas in the small bowel, in that the long axis is vertical, 
the bowel wall is thicker, and haustral markings are present. The stepladder 
appearance of small bowel distention indicates advanced obstruction and is 
associated with a variable degree of abdominal distention. The gas is present 
and can be demonstrated long before distention and this particular pattern has 
developed. Tluis, it may be said fairly accurately that the x-ray can make an 
early diagnosis of small bowel obstruction and timt it can demonstrate the dis- 
tribution of gas, and the location and jorobable nature of the obstruction. 

Prom an abdominal roentgenogram, one can readily determine whether 
the distention is in the large bowel or the small bowel. If it is in the large 
bowel, it is usually a closed loop obstruction; the ileocecal valve prevents re- 
gurgitation into the ileum. If it is in the small bowel, the type and character 
of the distention depend upon the nature of the obstruction, and from the pat- 
tern of bowel distention the urgency of the situation becomes apparent. 

In postoperative distention there may be a question as to whether a mechan- 
ical obstruction is present or a paralytic ileu.s. In the foimer event, the small 
intestines are distended, while in the latter there is distention of both the small 
and large bowel. A radiogTapliie film shows the nature of the gaseous distention 
and helps to distinguish between the two conditions. If the obstruction involves 
the small bowel, it is distended and the colon is empty; in ileus, gaseous disten- 
tion is present in both the small and the large bowel. Kepeated films may he 
necessary to determine llie certainty of an ileus. Consideration must also be 
given to the presence of a so-called silent and painless abdomen as a differential 
point in diagnosis. 

A simple adhesive Ijand producing proximal distention of the bowel results 
ni no immediate vascular damage, and operation may be deferred until re- 
babilitation of the patient can be accomplished and intestinal decompression 
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established. A loop obstruction, -volvulus or stranprulation, on the other hand, 
demands immediate operative interference because of tlie danger of devitaliza- 
tion and bowel gangi-ene With such an obstruction, the hovel is not observed 
assuming the transverse position but forming one or more distended loops, with 
no set pattern and with little or no proximal distention until the obstruction 
has been present for some time. The leason for the delay in distention of the 
proximal bowel is not undei-stood, but it is piobably due to the associated hyper- 
emia and edema. Wangensteen and Lunch mentioned the altered state of the 
bowel proximal to the infareted loop as a partial explanation. 

The simple adhesive obstructions are the most common tjpes involrfng the 
small intestine, and their presence can be detected early by radiologic study. 
The pattem is characteristic, and the sequelae of loss of elect rol.v tes, of body 
fluids and distention arc in i elation to the extent and level of the obstinction. 

Case 1 — M. I. entered the ho‘;pital with abdo.niinal pain, periodic in character, and 
mth moderate distention. Little or no fluid lo«s from loiiiitiiig had occurred. A recent 
operation had been performed elsenliere for an acute appendicitis. Recover}' had been 
uneientful, without protiacted hospitalization or abdominal diainage. 

Obstruction was suspected beeau'e of the nature of the complaint':, the absence of 
sc-mptoni" indicating any other tvpe of colic or localized inflammatory process, and the 
presence of an abdominal operative scar, which alwa}s adds weight to tlie suspicion of 
small intestinal obstruction. An x rav picture (Fig. 1) Tevealed obstruction of the distal 
portion of the small bowel with onl} moderate piosinial bowel distention. Favorable sys- 
temic and local conditions warranted immediate operation, which corroborated the xray 
diagnosis of small bowel adhe«ne ob«tniction. The terminal ileum was constricted and 
angulated bv a band of adliesion Recover} wa*- uneventful. 

Case 2 — A similar condition is shown in M H., a girl of 13 }ear8 who, six weehs 
previousl}, had an appendeetoni} for acute appendiciti", accompanied by drainage. Abdominal 
pain suggestive of obstruction prompted an \ lay stud} of the gaseous distribution in the 
intestinal tract Thi« readily revealed a simple obstructive lesion of the terminal small 
bowel (Fig. 2). Again operation corroborated the \ rav diagnosis. Recovery was prompt 
after an adhesive obstruction siv or eight inches from the cecum was freed 

Loop obstruction presents an cntirelv dilfercnt ladiographic pattern and a 
distinct surgical uigency because of impending bowel gangrene. 

Case 3. — Fig. 3 shows the pattem of intestinal gas in a middle aged woman, S. B , 
who had previously had a total In sterectomv for a fundal carcinoma of the uterus. The 
X ray diagnosis was a loop obstruction of the 'iraali intestine, without proximal bowel dis 
tention, and immediate operation was advised The po=sibiht} that obstruction was due to 
metastatic cancer was considered At operation a loop obstruction with volvulus and 
gangrenous bowel, adhesive and benign in character, was found. Resection with side to 
side anastomosis was followed b} normal convalescence. The clinical svmptoms and radio 
logic film indicated a loop obstruction, which demanded immediate operation The operative 
findings confirmed this conclusion The lesected specimen is shown in Fig. 4. 

Small bowel obstructions frequentl} occur in association with inflammatory 
lesions -within the abdomen and usually present the chaiaetenstic pattern of a 
progressive proximal bowel distention m w'hieii tlie inability of the bow’el is not 
in jeopardy. In this tjiie of obstruction it is not often necessaiy to interfere 
surgically, as the condition results from localized inflammation and edema which 
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narrow and constrict the adherent bowel to the point of obstruction, often in 
many places. The obsl ruction will usually disappear and the bowel again be- 
come patent, if the patient can be caiTied along by intestinal intubation and 
such rehabilitation methods as administration of fluids, saline solution, and trans- 
fusions until the inflammatory process has subsided. 

Surgery is attended by great danger to the inflamed edematous bowel and 
may lead to extension of the infection. Intestinal decompression liy the Miller- 
Abbott tube reduces distention and lessens llie etlema and In-pertrojjhy proximal 
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established. A loop obstruction, vohmlus or strangulation, on the other hand, 
demands immediate operative interference because of the danger of devitaliza- 
tion and bowel gangrene. With such an obstruction, the bowel is not observed 
assuming the transverse position but forming one or more distended loops, with 
no set pattern and with little or no proximal distention until the obstruction 
has been present for some time. The reason for the delay in distention of the 
proximal bowel is not undei'stood, but it is probably due to the associated hyper- 
emia and edema. Wangensteen and Lunch mentioned the altered state of the 
bowel proximal to the infareted loop as a partial explanation. 

The simple adhesive obstructions arc the most common types involving the 
small intestine, and their presence can be detected early by radiologic study. 
The pattern is characteristic, and the secpielae of loss of electrolytes, of body 
fluids and distention are in relation to the extent and level of the obstruction. 

Case 1. — M, I. entered tlie liospital with ahdo.niinal pain, periodic in character, and 
with moderate distention. Little or no fluid loss from vomiting liad occurred. A recent 
operation had been performed elsewhere for an acute appendiciti.s. llecovery had been 
uneventful, without protracted hospitalization or abdominal drainage. 

Obstruction was suspected because of the nature of the complaints, the absence of 
symptoms indicating any other type of colic or localized inflammatory process, and the 
presence of an abdominal operatir'e scar, which always adds weight to the suspicion of 
small intestinal obstruction. An x-ray picture (Fig. 1) revealed obstruction of the distal 
portion of the small bowel witli only moderate proximal bowel distention. Favorable sys- 
temic and local conditions warranted immediate operation, which corroborated the x-ray 
diagnosis of small bowel adhesive obstruction. The terminal ileum was constricted and 
angulated by a band of adhesion. Recovery was uneventful. 

Case 2. — A similar condition i.s shown in .M. 11., a girl of 13 years wlio, six weeks 
previously, had an appendectomy for acute appendicitis, accompanied by drainage. Abdominal 
pain suggestive of obstruction prompted an .\-ray study of tlie gaseous distribution in the 
intestinal tract. This readily revealed a simple obstructive lesion of the terminal small 
bowel (Fig. 2). Again operation corroborated the -x-ray diagnosis. Recovery was prompt 
after an adhesive obstruction six or eight inches from the cecum was freed. 

Loop ob-struction present.s an entirely different radiographic pattern and a 
distinct surgical urgency ])ecanse of impending bowel gangrene. 

Case 3. — Fig. 3 shows the pattern of intestinal gas in a middle-aged woman, S. B., 
who had previously had a total hysterectomy for a fundal carcinoma of the uterus. The 
x-ray diagnosis was a loop obstruction of the small intestine, without proximal bowel dis- 
tention, and immediate operation was advised. The possibility that obstruction was due to 
metastatic cancer was considered. At operation a loop obstruction witli volvulus and 
gangrenous bowel, adhesive and benign in character, was found. Resection with side-to- 
side anastomosis was followed by normal convalescence. The clinical symptoms and radio- 
logic film indicated a loop obstruction, which demanded immediate operation. Tlie operative 
findings confirmed this conclusion. The resected specimen is shown in Fig. i. 

Small bowel obstructions frequently occur in association with inflammatory 
lesions within the abdomen and usually present the characteristic pattern of a 
progressive proximal bowel distention in which the viability of the botvel is not 
in Jeopardy. In this tj^ie of obstruction it is not often necessary to interfere 
surgically, as the condition results from localized inflammation and edema which 
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Case 4. — Tins case illustrates tlie value of conservative tlcconipressive measures. W. H., 
a 16-year-olcl boy, preseutcil the picture of an acute abdominal condition of several day.s’ 
duration. The- abdomen was boardlike but not distended ; the pulse was fast, the tem- 
perature was elevated Si/{! degrees, and the white blood count was 20,000. The patient 
was dehydrated and in very unfavorable condition for immediate surgery. An x-ray film 
showed no erddence of a pneumoperitoneum. Because it had been several days since the 
onset of the acute process, and because of the poor condition of the patient, conservative 
measures were adopted. A mass developed and subsequently a large appendical abscess 
was surgically drained and the appendix removed. Convalescence was stormy but progres- 
sive until the nineteenth postoperative day, when abdominal pain, periodic and cramplike 
in character, developed. .DifTu.se abdominal colic was followed by vomiting. Obstruction 
was suspected, and a voentgenograui of the abdomen (Fig, 5) showed rather extensive 
distention of the small bowel. A diagnosis of an inflammatory obstruction of the small 
intestines was made. The use of the Jliller-Abbolt tube (Fig. C), adequate fluids, saline 
solution, glucose, and blood transfusions rc.«ulted in complete recovery after a secondary 
abscess spontaneously drained through the operative incision. After forty days of hos- 
pitalization, convalescence was complete and the i)atient was discharged. 

In patients of advanced years in the absence of previous abdominal surgery, 
the possibilit}’- of a colonic lesion must be given careful consideration. This 
can be most effectively determined by barium enema. Such a lesion being ex- 
cluded, some variety of small bowel obstruction must be considered. In Case 5, 
a barium enema excluded a colonic lesion. 

Case 5. — A man, aged 73 years, presented a three-day history of very slight abdominal 
pain and progressive abdominal distention. There had been no vomiting. There was 
increasing difficulty in bowel evacuation and none had occurred for five days. No operative 
abdominal incisions were present. An x-ray view of the abdomen showed small bowel dis- 
tention (Fig. 7) and some excess amount of gas in the colon. A barium enema showed 
no colonic obstruction. A Miller-Abbott tube was passed successfully and the small bowel 
deflated (Fig. 8). A mass developed in the right iliac fossa and at operation a gangrenous 
appendix with abscess was found. Hecovery was uneventful. 

Mesenteric thrombosis is in reality an obstruction since peristalsis is abol- 
ished and bowel gangrene is imminent. The symptoms are different, as acute 
sudden pain may usher in the catastrophe. The x-ray picture shows gaseous 
distribution in the small bowel tract. AVith sudden onset, continuation of the 
pain and a gaseous distribution in the small intestines, abdominal exploration 
should be done. Segmental resection may be possible but too often the entire 
supply of the superior mesenteric arteiy is involved and nothing can be done. 

Case 6. — Mrs, H., ten days following thyroidectomy for long-standing liyperthyroidism 
and mild cardiac decompensation, on the eve of her departure from the hospital, was sud- 
denly seized with severe persistent pain in the abdomen. An x-ray picture of the abdomen 
showed small bowel accumulation of gas. A tentative diagnosis of mesenteric thrombosis 
was made and abdominal exploration was done. Tire entire small bowel and the entire 
right colon were black. Subsequently at autopsy, a thrombus was found plugging the 
superior mesenteric artery. Nothing was found in the heart and no arterial sclerosis or 
atheroma was found in the arterial tree. The origin is unknown. Figs. 9 and 10 show 
the .distention of the small intestines and the autopsy specimen of the involved segment of 
the superior mesenteric artery. 

Intussusception presents two avenues for profitable use of the x-ray. First, 
it is most valuable in confirming the diagnosis suspected from the passage of 
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blood and mucus in the stools of an infant or small child who has abdominal 
colic and a palpable mass. Second, it is the only guide by which one may be 
certain of X'eduetion by nonsurgieal means. Only with the aid of a thin opaque 
enema can complete reduction be determined. Reduction may appear to be 
successful when in reality a segment at the ileum maj'^ remain intussuscepted. 
The completeness of reduction can be determined only by use of an opaque 
medium which shows the entire outline of the colon and cecum. 
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Fig. 11 shows an intussiisceplioii completel}" reduced by barium enema as 
demonstrated by a well-visualized cecum. Pig. 12 shows an intussusception of 
the ileum into tlie splenic flexure, requiring sui'gieal reduction. 



SURGERY 



Fig. 10 (Case 6). — ^Thrombus in superior mesenteric arter>. 
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Intrinsic lesions obstructing tlie small bowel are due to the occasional 
obstruction from a gallstone or incomplete obstruction from a neoplastic lesion. 
The sj’-mptoms are those of biliary colie with subsequent bowel obstruction 
or progressive abdominal distress from a gradual occlusion of the lumen by 
the neoplastic growth. 

Surgical management of stone obslrucfion depends upon the local condition 
of the obstmeted bowel. If the stone can be dislodged it should be pushed 
upward to an uninvolved area of the boAvel and removed through a longitu- 
dinal incision which is closed transversely. If edema and reaction prevent 
dislodgment of the stone, resection with anastomosis is advisable. Incisional 
removal through an indurated edematous bowel is hazardous. It will not heal. 



EiE. 11. — Barium enema i eduction of intussusception showing reduction to he complete. 

Neoplastic lesions require resection when possible. If inoperable, anasto- 
mosis should be made between the proximal and distal limbs of the bowel around 
the lesion. 

In partial obstruction much difficulty may he experienced in making a 
diagnosis from the radiographic film unless intermittent complete obstruction 
is present. Loelcu'ood emphasized the advantage of opaque medium as an aid 
to diagnosis. Its significance centers arormd the rapidity of its progress through 
the intestinal tract. Any retardation of the barium or the detection of a mal- 



248 


SURGERY 


formed loop is of great significance. Frequent roentgenograms are necessary 
to follow the barium in its intestinal advance. 

INTESTIX.VL IXTUBATIOX 

The indications for the use of the IMiller-Abbott tube in small intestinal 
obstruction are verj' definite. In the Eesearcli Hospital the procedure of 
passing the tube® is the function of the radiological department. 

The tube is indicated in simple adhesive obstruction with extensive proximal 
distention. It is valuable in early obstruction of a similar nature to prevent 
postoperative ileus and to hasten rc.storation of an already partially distended 
bowel. It is contraindicated as a preoperative measure in loop obstruction, in 
voh-ulus, or in strangulated obstruction where the viability of tlie bowel is in 
jeopardy. It may be valuable as a postoperative agent to prevent further dis- 
tention and to hasten restoration of bowel tone. 



Fig. 12. — Evtensue intussusception of small bowel w^ell into colon, not reducible by barium 

enema. 

Although the jMiller- Abbott tube has fallen into disrepute in many sections 
of the country, it is felt to be beneficial and can be applied in selected cases 
of intestinal obstruction. 

The passage of the IMiller- Abbott tube into the small bowel requires pa- 
tience, along with a certain amount of skill. JIueh time can be saved by start- 

•SuccessfuUy accomplished by the radiologist. Dr. Ira H. Lockwood, and his associates, 
whose splendid cooperation is here acknowledged. 



hunt: smauu intestinau obstruction 


249 


ing the intubation under fluoroscopic control. The procedure followed by Lock- 
wood is as follows ; 

The patient, is brought to the x-ray department with the necessary equip- 
ment. The tube is assembled and cheeked by the radiologist. If the patient 
is apprehensive, gags easily, or is I'cstlcss, he is given sodium phenobarbital 
(1 to 4 gr. intravenously, depending upon his size) along with atropine (1/150 
to 1/75 gr.). The depressant action of the phenobarbital on the gastrointestinal 
tract is felt to be much less than with opiates. 

The tube is inserted into the stomach through the nose and pushed down 
along the greater curvature in an attempt to pass it through the pylorus. If 
the tube does not enter the duodenum immediately, the balloon of the tube is 
inflated slightly and is left in proximity to the duodenum. Peristaltic action 
of the stomach will guide the tube into the small bowel. 

In patients noth paralytic ileus and in moribund patients the instillation 
of hypertonic saline solution into the colon or an infusion of hypertonic saline 
solution into the vein will result in an increase in the peristaltic activity of the 
bowel. Only one word of caution — the reaction to tlie saline solution is some- 
times violent. One must be sure that the tube is on its way down into the 
small bowel before the saline solution is administered, as perforation of the 
bowel may result without any means of decompression. 

In this series of cases with the Miller-Abbott tube used as an adjunct in 
intestinal obstruction, a definite improvement was found in the condition of the 
patients m twelve to twenty-four hours. 

In the past five years, forty-one patients have been operated upon for 
small bowel obstruction and several liave been treated for obstniction due to 
an intra-abdominal inflammatory pi’ocess and have recovei’ed without operation. 
Analysis of the forty-one operative cases was as follows; 

29 small bowel obstructions from adhesive bands in which no resection 
was necessary 

10 resections for devitalized bowel (no deaths) 

2 eases of carcinoma of the small bowel, jejunum, and ileum, obstruc- 
tive (operative recovery) 

Three deaths occurred in this series : 

1 postoperative intussusception (child, pneumonia) 

1 postoperative secondary small bowel obstruction follo'wing chole- 
cystectomy for stones; cause of death was intestinal obstruction, peri- 
tonitis 

1 coronary thrombosis, following operation for small bowel adliesive 
obstruction 

The Miller-Abbott tube was used in the nonsurgieal treatment of those 
obstructions due to localized inflammatory processes. It was likewise used as 
an adjunct in more than one-half the operative cases, either as a preopera- 
tivc or postoperative measure. Clinical and radiographic evidence of post- 
operative small bowel obstruction has frequently led to recovery by decompres- 
sion with the Miller-Abbott tube without operation. 



250 


SURGERY 


SUMMARY 

Classification of small bowel obstructions into strangulated hernias and 
those hidden within the abdominal cavity is discussed. 

There is a discussion of strangulated hernia and reasons for immediate 
operation. 

A description is given of tlie types of intra-abdominal oljstruction of the 
small intestines and the immediate and remote effects of each. 

There is mention of the indications for immediate or delayed operation. 
Symptoms and signs of small bowel obstruction as distinguished from local- 
ized colic or inflammatory disease are emphasized. 

Value of x-ray pietui'cs in the diagnosis of obstimction and determining the 
type of obstruction is explained. 

Value of x-ray is differential diagnosis between ileus and mechanical ob- 
struction is discussed. 

Indications are given for medical treatment of some type of intestinal 
obstruction where inflamnration and infection are factors. 

The diagnostic and therapeutic value of the x-ray in intussusception is 
mentioned. 

Intestinal intubation, its indications, method of passage, and value are 
discussed. 
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FISSURES OP THE ARTICULAR CARTILAGE OP THE PATELLA 

Occurrence in Multipartite Patella 

jSLvjor Charles J. Sutbo, jMedical Corps, Army op the United States 

T his paper is presented to demonstrate that tramna or nnusual stress to the 
loiee may not only produce crachs and fissures of the articular cartilage of 
the patella^ but may also affect in a similar manner the articular cartilage 
covering -the ossicles of anomalous (multipartite) patellae of adults from 18 to 
35 yeai’s of age. The interest lies first in the fact that the symptoms and signs 
encountered in these instances simulate to a certain extent those found in sub- 
luxations or tears of the semilunar cartilages and second, that those with 
anomalous patellae make up a high pei’centage of these cases. Since the osseous 
portion underlying the damaged articular cartilage was not fractured as demon- 
strated by radiographic examinations, there has been a ready tendency to over- 
look damage to the articular cartilage in the differential diagnosis of trauma to 
the Imee. It appears that early recognition of tears or fissures in the articular 
cartilage of the patella and also tliat of an anomalous patella will aid materially 
in the plan of therapy and in better evaluation of the prognosis. As soon as more 
attention was given to this condition, the lesion was diagnosed in fifty-eight 
patients within a period of ten months. Twenty-three patients, or approxi- 
mately 40 per cent of these cases, complained of symptoms in the Imee for the 
first time. The duration of these sjnnptoms was from several days to two 
months. In the other thirty-five patients, or approximately 60 per cent of the 
cases, who had recurrent s 3 "mptoms of two or more months’ duration, surgical 
intervention was perfomed in eleven instances including one with a bipartite 
patella. This inspection confirmed the clinical impression of the existence of 
fissures or cracks in the articular cartilage of the central portion of the patella 
in ten eases and that of the anomalous ossicle in the eleventh case. 

The pathologic alteration in the cartilage of the patella may be readily sus- 
pected by an analj’^sis of the mode of injuiy. Any mild to severe sudden force 
that tends to abut the patella against the femur with the leg in extension or 
flexion either directly or by torsion may initiate a fissure in the articular car- 
tilage of the patella and maj^, in addition, oceasionallj'- similarlj’’ affect that of 
the contiguous femoral eondjde.* 

■ Recurrent incomplete or complete subluxation of the patella either due to 
anomalies of the skeleton, laxity of the capsule or lateral ligaments, or muscle 
imbalance about the knee Joint also predisposes to such changes in the articular 
eai'tilage of the patella. It is important to note that the articular cartilage of 
the patella is one of the thickest of the .skeleton and is highlj^ milnerable to verj' 
mild direct or glancing blows. Furtliermore, fissures ma.v develop in the 
articular cartilage of the patella of certain .voung adults who have participated 

Received for publication, Aug. 17, 1945. 

'•Accordinij to Owre- the site of stre.<!<!es and strains unon tlie articular surface of the 
patella varies in flexion and cxten.slon. In flexion it is the lateral facet, and in extension It Is 
the nicdlal facet, of tlie patella which bears the respecti\-e impacts of the femur. 
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in unnsual long hikes, marches, mountain climbs, or long periods of physical 
exercise ndthont incnrring any single definite pronounced local trauma. Newly 
inducted membei-s of the armed forces who undergo extensive physical training 
are especially susceptible to such damage to the articular cartilage of the patella. 
In this paper an attempt will be made to answer the following questions. 

1. What ai’C the s^miptoms and signs of fissures of the articular 
cartilage of the patella ? 

2. What are the significant radiographic findings? 

3. What is the treatment and prognosis in the acute and chronic 
or recun-ent forms? 

4. What are the gross and microscopic findings of the involved 
articular cartilage? 

CLIXIC-VL. FIKDIXGS 

Symptoms . — Soon after an injurj”^ to the knee or after an unusual physical 
exertion, the patient may complain of sharp pains, instability, temporary locking, 
enlargement of the loree region, and inability to bear weight. The pain may 
be localized to the medial or lateral aspects of the loree or about the patella. 
Several days after the initial injury, the pain may become circumscribed to the 
patellar area, and it maj’- be of such severity that walking or squatting is per- 
formed Avith great difficulty. Occasionally a click or sandpaper-like grating 
sound or Aubration emanating from the knee may be heard or felt by the patient 
as the leg is actively flexed or extended. 

In those patients Avith recuiTent complaints lasting for tAvo or more months 
folloAAing one or repeated injuries to the patella, enlargement of the Imee region, 
temporary “loclring,” local pain, and loud crepitations are the foremost symp- 
toms. While a sAveUing (effusion) may exist approximately from seven to thirty 
daj's folloAving an initial mild traxmra, it may recur at frequent interAmls for 
many years in the severe or chronic types. Patients Avith prolonged recurrent 
symptoms may walk Avith the affected leg in fixed complete extension or in 
slight flexion in order to avoid pain and grinding crepitations in the loree. 

PHYSICAL FIXDIKGS 

Shortly following an injury to the patellar region, the examination often 
reveals an intra-artieular effusion and generalized tenderness about the knee. 
SeA'eral daj's later the tenderness usuallj'- becomes circumscribed to the region 
of the patella and the effusion diminishes in volume. Passive rocking or per- 
cussion of the patella produces a tender reaction. With the aid of a stethoscope 
which is placed oAmr the patella, high pitched cracking sounds are heard during 
acth^e flexion and extension of the leg. Crepitatioir may also be felt by the 
examining hand as the patella is pressed onto the femur and passiA^elj' displaced 
in the horizontal planes (contact test), or by actir^e contraction of the quadriceps 
muscles with the leg in maximal extension. Pain is experienced during the 
latter procedure Avhen mild manual resistance is applied to the superior pole of 
the patella (resistance test). It is interesting to note that in several cases in 
which the finding of subpatellar crepitation was equivocal, accentuation of this 
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sensation could be produced by flexing the thigh at an angle of 90 degrees at the 
hip Joint while actively flexing and extending the leg (stretching test). During 
the painful stage, one often encountered temporary partial restriction of active 
and passive motion of the leg in both the range of flexion and extension, 
especially after a short period of weight-bearing. This finding may simulate 
that noted in a subluxed internal or external semilunar cartilage. 

A B. 



G 

Note the three ossicles in the outer superior quadrant of the patella (quad- 
partite patella.) B, Note the projection of these ossicles into the articular cavity bejond the 
normal articular surface (quadpartite patella). C, Note the ossicles on the medial aspect of 
another patella (tripartite patella). 

In those patients presenting a history of repeated injurj' to the patellar 
region, or those with long-standing sjTnptoms following a single trauma to that 
site, examination revealed a definite thickening of the synovial tissues and fre- 
quentlj’’ an increase in the volume of intraartieular fluid Sometimes the pain 
over the patella was of such sevei’it 3 ’- that the patient could not kneel and could 
walk onlj' with his leg in fixed complete extension or in slight flexion. These 
objective findings were present in addition to the ones previously’- mentioned 
in the acute eases. 
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It shoTild be stressed that fissures or cracks of the aidicular cartilage of the 
patella may be coexistent with tears of the internal or external semilunar 
cartilages or of the cimciate ligaments or relaxation of the posterior or lateral 
ligaments. When this occurs, additional signs such as tenderness over the 
lateral surfaces of the knee and instability of the tibia Avill ])e present which will 
mask to a certain extent those symptoms related to the damaged articular 
cartilage of the patella. 


RADIOGRAPHIC FIXDIXO.S 

Radiographic examinations were made of both knees in the anteroposterior, 
lateral, and “jackknife” positions in each of the fifty-eight patients.^ One may 
attach some importance to the fact that in this series of fifty-eight eases we 
noted eleven patients with anomalous patellae'* (Pig. 1). The anomalies noted 
were that of ununited ossicles developed from accessory centers of ossification 
situated either in the outer supeinor quadrant or on the medial liorders of the 
patellae.’^ 

Table I 


A. Bilateral Bipartite Patellae (5 cases) 

1 case, Tiath acute symptoms 

4 cases, with chronic s)’mptoms 

3 cases, each with s 3 'mptoms in one knee 

2 cases, each with sj’mptoms in both knees 

3 cases, with an ossicle in outer superior quadrant of each patella 
2 cases, with an ossicle on medial aspect of each patella 

B. Unilateral Bipartite Patellae (3 cases) 

1 ease, with acute sj’mptoms 

2 eases, with chronic sjTuptoms 

3 cases, each with s 3 'mptoms in the knee with anomaly' 

2 cases, each noth an ossicle in outer superior quadrant of one patella 
1 case, with an ossicle on medial aspect of one patella 

G. Unilateral Tripartite Patella {1 case) 

1 ease, with chronic symptoms 

1 case, with symptoms in the knee with anomaly 

1 case, with ossicles in outer superior quadrant of one patella 

D. Bilateral Tripartite Patellae (1 case) 

1 case, with chronic sjTnptoms 

1 case, with sj-mptoms in one knee 
1 ease, with ossicles on medial aspect of each patella 

E. Unilateral Quadpartite Patella (1 case) 

1 case, with acute sj-mptoms 

1 case, with symptoms in the knee with anomaly 

1 case, with ossicles in outer superior quadrant of one patella 


•Surgical intervention in a case of bipartite patella of this scries revealed the tears and 
cracks to exist in the cartilage of the ossicle and none in the articular cartilage of the body or 
the patella. 
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These patellae were in normal relationship to the femoral condyles in that 
they showed no evidence of fixed subluxation. Table I depicts some of the 
clinical and radiographic findings in the eleven cases of anomalous patellae. 

Two other patients each of whom have had sj-mptoms of pain, recurrent 
effusion, and crepitation for two years di.sclosed a circumscribed area of sub- 
chondral atrophy in the central portion of tlie patella of the affected knee. 
Otherwise the radiographic studies confirmed the clinical findings of increase 
in the volume of intra-articular fluid or thickening of the synovial tissues. No 
instances of osteochondritis dissecans, recent or old fractures of the body of the 
patella, postinfectious or infectious arthritis, or hypertrophic osteoarthritis were 
included in this series.’'* 


niFFKUKXTIAl . DIAOKOSIS 

Difficulty is encoiuitercd when one attemifis to differentiate tears of the 
articular cartilage of the patella from tliose of the opposing cartilage of the 
femoral condyles. They arc both treated in a similar manner. 

Free intra-articular bodies, ])olypoid synovial or fat pad tumors about 
the patella, osteochondromatosis or villonodular formations of the sjuiovial 
lining may also produce effusion, subpatellar crepitations, and temporary 
lockings. Palpation usually reveals the presence of one or more bodies, and 
radiographs frequently show soft tissue shadows, or calcified or ossified masses 
either in the joint cavity or in the capsular tissues of the laiee. 

Sjmiptoms and signs caused by chronic infections such as tuberculosis 
of the synovial lining or of the bones in the knee joint ma}’- infrequently simu- 
late the phj^sical findings produced by tears of the articular cartilage of the 
patella. Examination of the guinea j)ig inoculated with the S5movial fluid 
aspirated from the knee joint and the radiographic evidence of atrophy or 
destiTiction of the articular surfaces of the bones of the affected knee may aid in 
the differential diagnosis. 

Occasionally, a completely dislodged torn internal semilunar cartilage lying- 
in the intercondylar fossa may to a certain extent parallel the findings 
caused by a cracked articular cartilage of the patella. The history of repeated 
“loeldngs” of the knee, the presence of localized tenderness over the medial 
surface of the taiee in the region of the semilunar cartilage, especially of the 
posterior horn, and the pei-sistence of effusion in spite of complete bed rest 
should make one suspicious of a torn and displaced semilunar cartilage. 

Osteoarthritis, tangential fracture, and osteochondritis dissecans of the 
patella can be differentiated in most instances by radiographic examinations. 

•We did observe a patient %S'ho had suffered severe injury (Assure) to tiie articular car- 
tilage of the patella several years before, who recently experienced a vertical undisplaced 
fracture through the body of the same patella. The radiograplis revealed a fracture line but 
no other pertinent Andings. The clinical course of this patient was striking and distinctly 
different from that of other patients with simple uncomplicated undisplaced fractures of the 
patella. Pain in the knee of the patient witli the previous injury to the cartilage was severe 
for many weeks after the occurrence of the fracture and interfered witli active and passive 
movements of the leg. This Is in sharp contrast to a series of other patients with similar frac- 
tures without previous injury to tlic articular cartilage. SpeciHcally a follow-up study of 
those patients with simple uncomplicated fractures of the patella six months after the injurj- 
sliowed absence of local pain and occasional presence of subpatellar crepitation on weight-, 
bearing or on -active repeated ffexion or extension of the leg. 
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TREATMENT 

Patients examined after an injuiy to the knee or after participation in 
strenuous exercises of the types previously mentioned are treated by rest in bed 
for periods ranging from one to two weeks. The affected knee is covered with 
ice bags for the first few days to relieve pain and swelling. Subsequently, any 
type of dry or moist heat may be substituted to relieve the spasm of the thigh or 
leg muscles. Frequently traction is applied to the leg in order to overcome the 
spasm of the hamstring muscles. 

No attempt should be made to flex forcil)ly or extend the leg either actively 
or passivelj^ during the acute painful stage, a period which may last from one 
to seven days. Exercises consisting of mild rhjdhmical contraction of the 
quadriceps muscles with the leg in maximal extension, however, shoiild be en- 
couraged as soon as possible after the advent of the injuiy. After the third 
week, or sooner if local pain is absent, active flexion and extension “resistance” 



Fig. 2 — Note the method of actively exercising the quadriceps apparatus of the leg. 

exercises* of the leg should be initiated and guardedly pursued. As soon as 
the power of the quadriceps muscles of the involved limb is approximately 
equivalent to that of the normal extremity, weight-bearing should be initiated. 
Special antilimping exercises as marching, walking, and dancing in cadence are 
stressed. No activities requii’ing excessive use of the knee should be encouraged, 
and only mild exercises should be pursued the first three or four months after 
the injury. We believe that graduated exercises to the quadriceps muscles will 


•Method . — ^The patient is seated on the side of the bed in an attitude permitting flexion 
and extension of the leg {Fig. 2). A saek containing a known amount of weight, usually a 
minimum of three pounds and a maximum of twenty pounds, is hung on the ankle of the in- 
volved limb. Exercises consisting of repeated flexion and extension of the involved leg are 
pursued for four flfteen-minute periods during the day. Similar exercises are followed on the 
normal lower extremity. Once a day the maximal quadriceps power of the lower extremities 
is tested by noting the number of minutes that each limb can sustain uninterruptedly a Rnown 
weight in the position of extension without pain or fatigue. The aim of these exercises is to 
develop the power of the extensor apparatus of the affected limb to a level equaling that of the 
normal one. 
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abort rapid progression of the fissures and cracks of the articular cartilage of 
the patella and at the same lime develop the muscle tone of tlie limb. In a 
majority of cases, limited activities for three or four months will I’cstore the 
taiee to a serviceable but not to a nonnal Joint. 

Immediate surgical intervention is not indicated in the treatment of primarj' 
acute mild tears of the articular cartilage of the patella. When, howevei’, there 
is a tendency for subpatellar pain, effusion, and crepitation to recur frequently 
or when these symptoms persist for total peiiods longer than two months in 
spite of rest and limited activity, arlhrotomy should be pursued. 

When limited areas of the patellar cartilage are involved as was the casfe in 
nine of the eleven instances in our series, we removed the central area of fissitred 
articular cartilage dovm to the subchondral bone and made small openings into 
the underlying subchondral bone marrow. Excessive amounts of articular 
cartilage should not be removed, neither should the infrapatellar fat pad or the 
synovial lining be resected at the same time. Tlie removal of intraarticular free 
bodies or a tom or subluxated semilunar cartilage is howevei*, not conti’a- 
indicated. When the articular cartilage of the ossicle of an anomalous patella 
is involved, as was noted in one ease, the underljdng bone and cartilage of the 
ossicle were excised. For widespread cracked or split articular cartilage, re- 
moval of the entire patella is indicated. This was performed in a case of long- 
standing recument subluxation of the patella vdth marked secondary fissuring 
of the articular cartilage.® 

Following an arthrotomy of the knee for the removal of fragments of torn 
articular cartilage, active contraction of the quadriceps muscles should be 
started soon after the surgical procedure. Moreover, the patient should attempt 
during the first fourteen days after the operation to elevate the entire limb 
ivithout flexing the knee. These exercises strengthen the quadriceps muscles 
without imposing any unusual strain or irritation on the cartilage of the patella. 
Active flexion and extension and graduated "resistance” exercises of the 
quadriceps muscles should be initiated approximately fourteen days after the 
operation. The presence of pain in the patellar region is a contraindication for 
the continuation of flexion or extension exercises of the leg. Approximately six 
to eight weeks after the operation, or as soon as the quadriceps muscle power of 
the limbs is within normal limits, the patient should commence to bear weight 
and continue to do so if pain is minimal or absent. Activities which require 
excessive use of the knees should be restricted for a period of at least six months 
after the operation in order to pemit the surgically produced defect in the 
articular cai’tilage to fill in with fibrous or fibrocartilaginous tissue. 

When the patella is Surgically removed, it is essential that active contrac- 
tion of the quadriceps muscles be started soon after the operation. Active flexion 
and extension "i-esistanee” exercises of the leg should be undertaken approxi- 
mately seven days after the operation. Weight-bearing should not be stressed 
until the patient has accomplished almost full I’ange of active flexion and ex- 
tension of the leg without pain, and has almost fully developed the power of the 
quadriceps muscles. 
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FoUoiv-up Examination and Prognosis . — In the acute cases including only 
those "without previous involvement to the knees, the patients made an excellent 
recoveiy within two to three months after the initial trauma. These knees are 
for the most part highly susceptible to recurrence of .symptoms and signs fol- 
lowing veiy mild trauma or unusual exertion. Therefore, assignment to duty 
requiring excessive use of the knees should be avoided in view of possible recur- 
rence of disturbance to the artieuhation. 

In the chronic group thei-e wei'e seven patients in whom removal of torn 
and degenerated fragments of the articular cartilage of the patella was per- 
formed and there were two others in each of whom a tom internal semilunar 
cartilage was also removed. Follow-up examination of these nine patients six 
to eight months after the operation revealed free range of active and passive 
flexion and extension of the leg, loss of pain, absence of intra-articular effusion, 
and the presence of inconstant painless subpatellar crepitations. They were, 
however, unable to do very hearw duty without experiencing mild pains over the 
affected patella. Other patients with similar chronic disturbances in the patella 
whose onset of symptoms antedated entrance into the army were, depending on 
the severity of the symptoms and signs, either reclassified to perfom sedentary 
duties or were separated from military service. 

In the one patient (Case 10) in whom the ossicle and its cracked articular 
caiiiilage were removed from a bipartite patella, follow-up examination eight 
months after the operation revealed normal range of active and passive motion 
of the leg. The effusion and subpatellar crepitations which were noted prior to 
the operation were now absent. Yet in spite of good range of function the patient 
could not paificipate in strenuous activities for long periods as he experienced 
localized pains over the patella. He was permanently assigned to duty not re- 
quiring excessive or extensive use of the loiees. 

The excision of the patella in a case of recuri’ent subluxation of that bone 
with widespread fissures of the articular cartilage resulted in immediate loss of 
subpatellar pain and crepitation (Case 11). Follow-up examination six months 
after the operation revealed noimal range of motio7i at the affected Imee joint. 
Nevertheless, the patient had local discomfort after long hikes or mountain 
climbs. Therefore, he was assigned to duties limiting such stx’enuous activities. 

PATHOLOGY 

Gross description . — Surgical intervention in eleven cases gave us an oppor- 
tunity to inspect the articular cartilage of the patella and the other structures 
in eleven knee joints. Except for the case of the bipartite patella, the central 
portion of the articular surface of each of the patellae, namely the medial facet 
and contiguous lateral facet, in an area approximately the size of a dime to a 
nickel was the site of the involvement. Here were numerous superficial or deep 
clefts, usually in a stellate design, which set off or enclosed one or more segments 
of shaggy yeUow-white articular cartilage. In addition, flakes of cartilage 
loosely attached to the articular surface of the patella were noted in the ineinity 
of these fissures. The affected articular cartilage seemed to be easily separated 
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from the subchondral bone and Avas unusually fluctuant on pressure. Some of 
the detached flakes of cartilage were floating about in the synovial fluid or were 
embedded in the slightly reddened-. S5uiovial tissues. 

In the casb-pf the bipartite patella, only the cartilage of the ossicle displayed 
a velvety shaggy yellowish-white sui’face Avith fcAV superficial and deep fissures 
AA’hile that of the body of the patella presented no abnormal findings. 

The patella, Avhieh aa'us remoA'cd because of recurrent luxation, revealed on 
examination that its entire central portion measuring approximately the size 
of a nickel Avas the seat of deep stellate-shaped fissures (Pig. 3). Some of these 
clefts extended lialfAvay into the depth of the cai’tilage and encompassed closely- 
set bundles of exposed fibrillar tufts. 

In all eleven instances, one observed an edematous sjuioAual lining in the 
knee and pannus fonnation over the periphery of the articular cartilage of the 
patella. 

Microscopic Findings. — The striking feature Avas tlie partial loss of hyalin 
matrix, the secondary unmasking of the fibrils, and the presence of superficial 
and deep fissures in the articular cartilage. These abnormalities Avere especially 
prominent in' the outer or tangential layer, and to a lesser extent in the con- 
tiguous zones of the articular cartilage. The flat cells normally situated in the 
outer or tangential la5mr Avere either absent or replaced by groups or nests of 
actively growing elliptical-shaped cells i*esembling those noted in fibrocartilage. 
Similar shaped cells, some filled Avith large amounts of chromatin, Avere also 
present in the deptlis of the cartilage especially adjacent to these abnormal 
fissures. 

EAudenee of partial repair as exemplified by the proliferating young cells 
on the articular surface and on the Avails of the fissures Avas noted in the sub- 
mitted pox-tions of pathologic aificular cartilage I’omoved from the central 
portion of the patella. It appeai-s that tliis meager attempt of healing of the 
caitilage was aided by the contiguous synovial fluid AA-ithout benefit of granu- 
lation tissue. 

In the case of the bipartite patella, the ai-ticular cartilage of the ossicle Avas 
markedly degenerated shoAving partial loss of matrix, unmasking of the fibrils, 
and poor staining of the nuclei of the original cells. At the peripherj'^ of the 
ossicle Avas a thick layer of Amseular fibrous tissue which bound it to the body 
of the patella. Some of these blood vessels invaded the I’im of the ax'ticular car- 
tilage of the ossicle but no other reparathm processes were in evidence. The 
bone in the remoA'ed ossicle Avas for the most part neei'otie and was sloAAdj’- being 
replaced by living osseous tissue. Thei-e Avas very little active hematopoetic 
•tissue in the mai-roAv spaces in the ossicle. 

The findings of the microscopic examination of the central fissured portion 
of the articular caitilage of the surgieallj’’ remoAmd patella AA^ere similar to those 
obsei’ved in the submitted pieces of cartilage from the preAuously mentioned 
cases. In spite of the protracted period of ii-ritation to the patella caused by 
recui’rent subluxation, thei-e Avas no evidence of sclerosis or fibrosis of the sub- 
chondral zone. 
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DISCUSSION 

In order to comprehend the basis for the vulnerability of the articular 
cartilage of the patella, it is important to re^deiv briefly its histology and physical 
properties. 

The articular cartilage of the patella of a young adult measures approxi- 
' mately from 4 to 6 mm. in height and is one of the thickest of the skeleton. It is 
relatively thickest in the central portion of the pateUa where the subchondral 
bone is slightly concave (Pig. 4). The articular surface is smooth, shiny, white, 
and fairly firm to the touch. On closer examination of the articular surface, one 
may discern without the aid of auj’' magnifying lense, veiy fine grooves which 
extend from the superior to the inferior pole regions of the patella. These 
narrow shallow furrows ai'e the result of the repetitive rotations of the femoral 
condyles on the patella. 

Normal articular cartilage is composed of cells and of very fine fibrils and 
interfibriUar hyalin matrix in such proportions that the fibrils are not clearly 
seen in the hematoxjdin and eosin stained histologic preparations, but are ob- 
served microscopically ■with polai'ized light.* These fibrils which form a net- 
work for the envelopment of the matrix follow more or less a fixed pattern (Pig. 
5). They commence from the calcified or deeper portions of the matrix and 
extend in a vertical fashion through the columnar and transition zones to the 
superficial layers and curve to lie parallel to the articular plane to form the 
outer articular or tangential horizontal laj’-er. These fibrils finally take another 
vertical course through the transitional and coliunnar Ihyers and attach them- 
selves to the calcified matrix or they may continue in the horizontal plane and 
terminate at the region of the capsule-periosteum reflection at the periphery of 
the cartilage.® The massing of these looped fibrils as they traverse the surface 
of the cartilage to return to the calcified matrix zone results in patterns' which 
are specific for the articular surface of each bone (Pig. 6). 

In addition to the system of vertical fibrils one finds another set which 
encircles the nests of cells in the columnar layer. These circular fibrils act as 
shock absorbers by virtue of their possession of elasticity and compressibility. 

As far as the cells are concerned, they are usually flat or elliptical in the 
outermost or tangential layer and almost resemble in shape those present in 
perichondrium. In the contiguous transition zone, the cells are somewhat more 
spherical or elliptical than those in the tangential layer. The outlines of the 
spherical cells may be slightly distorted by the contiguous fibrils which are in 
an oblique course en route to the superficial tangential layer. In the columnar 
layer, one notes the pi’esence of nests of sphei'ical cells in its proximal portion 
and columns of cells in its deeper segment. These columns of cells may extend 
into the calcified portion of the matrix.® Here, most of the cells appear necrotic 
as evidenced by poor staining of their nuclei and cjdoplasm. Furthermore, it is 
of interest that the forementioned constituents of the articular cartilage do not 

‘Normal articular cartilage Is made up of the following four segments: (A) Thin outer 
“"Eentlal layer, flat cells and compact horizontal fibrils (Pig. 5) : (P) thin transitional layer, 
elliptical cells and oblique fibrils: (G) thick columnar layer, nests and columns of cells, ver- 
tical and circular fibrils; (D) calcified matrix layer, columns of cells and vertical fibrils. 
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Fig-. 5 . — Diagram (after Policard*) to show the arrangement of the cells and the course 
)f the fibrils in the articular cartilage as viewed microscopically. The arrows on the fibrils 
show approximately their course. Ji is the subchondral bone. See footnote in text (page 2611 
or explanation of the various segments of the articular cartilage. 



Pig. G. — Diagram (after Hultlfrantz’) to show the general direction of the bundles of fibers 
on the surface of tlie articular cartilage of the patella as seen macroscopically. 
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INGUINAL HBUNIAS AND ALLIED DEFECTS IN NAVAL RECRUITS 

An An.vlysis of 1,406 Patients Admitted fob Sukgical Tbeatment 

Lieutenant Cojuiander Charles W. McLaughlin, Jr., and 
Lieutenant Cosuiander John Reid Brown, Medical Corps, U.S.N.R. 

I N THESE days it is only natural that surgical tliouglit sliould be principally 
concerned with those great strides being made in the care of traumatic in- 
juries. The first reports, now becoming available, from the Medical Corps of the 
Army and Navy in the combatant areas in all quarters of the Avorld are superior 
to any previously recorded, and would haA'e been entirely impossible only a few 
years ago. 

However, during the first two years of World War II the task was primarily 
one of assembling, equipping, and training those forces to be used offensively on 
many fronts. A tremendous volume of corrective surgery was done in personnel 
by medical officers on the mainland during this period of preparation to remedy 
physical defects existing prior to enlistment and to bring the general physical 
condition of our forces to the highest possible level. In one Naval installation 
a series of 1,406 recruits with inguinal defects were admitted for surgical 
treatment during a twelve-month period. An analysis of this group of patients, 
with a discussion of certain technical details in their care and the management 
of complications, forms the basis of this report. 

Tabulated in Table I are the various t3q)es of inguinal defects encountered 
in this series of 1,406 recruits in order of their frequency. The small number 
of patients with epigastric, incisional, and femoral hernias admitted are in- 
cluded to emphasize the fact that they Avere infrequently observed. 

Uncomplicated inguinal hernias w'ere by far the most common lesions for 
which patients Avere admitted for repair, the next most common being inguinal 
hernias Avith cryptorchidism, inguinal hernias with varicocele, and uncomplicated 
h3'^droeele in that order. 

The incidence of inguinal hernias in men of military age examined during 
World War II is not yet public information. Coley^ stated that 2 per cent of 
those examined during World War I were found to have such defects. It seems 
likely that Avith a more complete mobilization in this A\'ar, the incidence will be 
as high or cA^en higher. 

Coyer and Widder- recentlj’^ reported an incidence of 3.71 per cent actual 
hernias in a large group of AA^hite male defense AA^orkers betAA^een 18 and 50 years 
of age, the figure being 9.2 per cent in a smaller group above 60 years of age. 

In civilian practice indirect inguinal hernias are said to constitute approxi- 
mately 93 per cent of all inguinal hernias Avhile direct inguinal hernias Avill 
comprise from 2 to 10 per cent of any series, depending upon the average age of 

Received £or publication. AprU 14, 1S45. 


267 



268 


SURGEKY 


Table I. Inguinal Lesions and Associated Conditions Existing Prior to Enlistment 


TYPE 

NUMBER OF CASES 

PER CENT SERIES 

Inguinal liernia 

1,073 

VGA 

Inguinal hernia with undescended testicle 

97 

6.8 

Inguinal hernia with varicocele 

06 

4.0 

Hydrocele, no hernia 

50 

3.9 

Inguinal hernia nith hydrocele 

39 

2.8 

Varicocele (large), no hernia 

37 

2.7 

Epigastric and incisional hernia 

32 

2.3 

Eemoral hernia 

4 

O.S 

Inguinal hernia, varicocele, hydrocele 

2 

0.2 

Total 

1,400 

100 


the men examined. Colej^^ stated that femoral liernias, while representing 10 
per cent of all hernias in both sexes, will be present in onlj’- 2.5 per cent of anj' 
series of male patients with hernia. In this period of observation onlj^ four 
recruits were admitted with femoral hernias for repair, an incidence of .3 per 
cent of the total group. 

This series of men under discussion ranged in age from 17 to 35, the 
majority being between 17 and 24 years of age. Such a group represents a 
survey of ^mung men in good physical condition, fit for vigorous military life 
except for the defects with which they were admitted (Table II). It is note- 
ivorthy that in the 1,073 recruits with uncomplicated ingumal hernias, indirect 
inguinal hernias were present in 91.8 per cent, direct inguinal hernias in 8.2 
per cent, and bilateral lesions in 10 per cent. Direct hernias were seen with 
much greater frequency in those recruits between the ages of 25 and 35 years, 
being particularly common in those of short stature with a tendency to be over- 
weight. As in the older age groups, direct hernias in these young men were 
usually bilateral. Unilateral inguinal hernias were consistently seen with gi’eater 
frequency on the right side in an approximate rate of 6 :4. This finding is in 
keeping with other reported experience. 


Table II. Uncomplicated Inguinal Hernia, Series op 1,073 Cases 


TYPE 

NUMBER OF CASES 

PER CENT SERIES 

Inguinal hernia, indirect 

986 

91.8 

Inguinal hernia, direct 

87 

8.2 

Inguinal hernia, bilateral 

108 

10.0 

Inguinal hernia, right 

500 

58.0 

Inguinal hernia, left 

405 

42.0 

Inguinal hernia, complete 

307 

28.6 

Inguinal hernia, incomplete 

766 

71.4 

Inguinal hernia, recurrent 

20 

1.8 


In this series of cases the final diagnosis as to the completeness of a hernia 
was always made in the operating room. Hernias were considered to be com- 
plete in which a well-formed sac could be demonstrated extending doivn to the 
upper pole of the testicle or completely incorporating this structure. Since 
the majority of these indirect inguinal hernias were of the congenital tj'^pO; 
one would expect a relatively high incidence of complete hernias. On the basis 
of the criterion listed, 28.6 per cent of this group of inguinal hernias were con- 
sidered to be complete. 
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Twenty recruits were admitted for correction of recurrent indirect inguinal 
hernia, a pre%'ious surgical repair having been done prior to their entrance into 
the seiwice. In every instance careful dissection at operation demonstrated ' a 
well-formed indirect inguinal sac varying in length from 4 to 12 cm. These 
findings confirm tlie established opinion tliat the essential step in the successful 
cure of indirect inguinal hernia in young patients is high ligation of the neck 
of the sac with complete removal of this structure. 

A series of 298 cases was observed in whicli a liydrocelc, varicocele, or an 
undescended testicle was present in the inguinal canal udth or without an asso- 
ciated inguinal hernia (Table III). 


Table III. Hydrocele, Varicocele, and Undescended Testis, With and Without 
Associated Inguinal Hernia, Series of 298 Cases 


TYPK 

right 

left 

bilateral 

TOTAL 

Hydrocele, no associated hernia 

40 

17 

1 

58 

Hydrocele and inguinal hernia 

22 

17 

1 

40 

Hydrocele, varicocele, inguinal hernia 

0 

2 

1 

3 

Varicocele, no associated hernia 

2 

34 

1 

37 


0 

C3 

0 

63 

Undescended '.i i..:!iia 

34 

59 

2 

95 

Undescended >.0 hernia 

1 

1 

0 

2 

Total 




298 


H3’^droceles were noted more commonly without an associated hernia, and 
when this lesion was found alone, it was seen more than twice as frequently on 
the right side. Eeeruits with varicocele and inguinal hernia were admitted two 
times as frequently as were those with varicocele alone, since only those with 
large venous plexuses and definite sjnnptoms were hospitalized for surgical 
correction in the absence of a hernia. The lesion was left-sided in all but two 
instances in these 100 cases in which a varicocele was present with or udthout 
an associated hernia. 

Ninetj-'-five recruits were admitted for repair of an undescended testicle 
uith associated inguinal hernia. In only two cases was an inguinal testicle 
demonstrated in the absence of a patent hernial sac. The undescended testicle 
was found in an intraperitoneal position in only two instances, it having been 
arrested in its descent somewhere along the inguinal canal in the remaining 
ninety-five. In this age group the retained testicles were consistently found 
to be markedly atrophic, particularly those retained in the region of the internal 
inguinal ring. 

Certain facts have been impressed upon us in making a clinical diagnosis of 
inguinal hernia in these patients. A complete inguinal hernia extending into the 
scrotum offers no problem in diagnosis, but an incomplete inguinal hernia or 
one with a long narrow sac may be extremely difficult to demonstrate on a single 
examination. We were repeatedly impressed uith the aceuraey of those medical 
officers who each day examined large numbers of incoming recruits in the recep- 
tion center and referred those with inguinal hernias for surgical care. On 
several occasions we were unable to demonstrate conclusively a hernial sac on 
our first examination and after considerable debate have operated upon such an 
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individual admitted ■with a diagnosis of hernia only to demonstrate a complete 
well-formed sac in the canal. The logical conclusion is that these recruits when 
examined at the reception center had been on their feet for long periods of 
time, and had been subjected to various strains and exercises which greatly aided 
in demonstrating any hernial protrusion. 

All patients in whom the diagnosis is questionable should be examined 
after they have remained on their feet for an hour or two during whicli time 
walking, stooping, and straining are encouraged. Both the erect and recum- 
bent positions should be used in examination. We have found that the pro- 
truding sac can be demonstrated more frequently by straining, as in defecation, 
than by coughing. In the absence of a visilde and palpalde protrusion into the 
scrotum, our criterion for the diagnosis of an inguinal hernia has been the 
ability to palpate a definite sac within the external ring which fills, distends, 
and with straining can be definitely felt at the outlet of the ring. In general, 
the sac demonstrated at operation in questionable cases was larger and more 
complete than we expected to find in our early expeidence witli this series of 
cases. 

The surgical repair in these cases was done by four surgeons all using 
essentially the same technique. Spinal anesthesia was employed in the entire 
series, metycaine 10 per cent solution being used in 598 cases and novocain 
crystals or pontoeaine in the 808 remaining cases. A total of ten partial 
anesthetic failures occurred, being much more common with novocain ihan 
metycaine.® However, in our hands metycaine produced an alarmingly iiigh 
sensory anesthesia on several occasions whicli led to the routine use of novocain 
or its combination with pontoeaine. 

In the surgical care of the 1,073 patients with uncomplicated inguinal 
hernias a Bassini type of repair was used in 85 per cent of cases, a Ferguson 
in 7 per cent, the cord transplanted to the subcutaneous tissues in 7 per cent, 
and the MeVay technique in 1 per cent. Before removal of the hernial sac, 
high ligation of its neck was routinely practiced but transfixion to the adjacent 
structures at the internal ring was not considered an essential step. Ever}' 
effort was made to avoid tension in completing the hernial repair. The anterior 
edge of the lower rectus muscle sheath was frequently divided in a longitudinal 
direction 1.5 cm. medial to its lateral edge to permit more simple closure, when 
the conjoined tendon could not be i-eadily sutured to the shelving edge of 
Poupart’s ligament without tension. Both hydroceles and varicoceles were 
routinely exposed by an inguinal incision rather than through the upper scrotum 
because of the frequent association of hernias and the better wounds which re- 
sulted. Hydroceles were corrected b 3 ’' a modified “bottle operation” after as 
complete removal of the sac as -^vas possible. Various types of operative proce- 
dures were employed for the correction of the large varicoceles. The most 
satisfactory results followed a removal of the anterior two-thirds of the venous 
plexus from the internal ring to the upper pole of the testicle, preserving the 
vas deferens and the spermatic artery. 
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In those patients pi'esenling with an unclescended testicle and inguinal 
hernia, the hernial sac was completely removed and every effort made to replace 
the testicle in the scrotum by lengthening the cord. A Ferguson herniorrhaphy 
was performed when scrotal replacement of the testicle was possible. Multiple 
staged procedures to replace a retained testicle in the scrotum were not practiced. 
When the inguinal testicle was small and atrophic and could not be replaced in 
the scrotum, orchidectomj’- was the procedure of choice when a normal testicle 
was present on the opposite side. Experience amply demonstrated that a testicle 
retained in the lower inguinal canal or over the symphysis pubes produced 
marked discomfort when recruits were subjected to a vigorous physical training 
program; 

This group of young men in excellent physical condition, of similar age, and 
with comparable defects offered an ideal series in whieh to study wound healing 
\vith various suture materials. Chromic catgut, fine steel wire, and cotton thread 
were selected as the materials to be used under careful control. 

Because of the luiown frequency w'ith whieh hernial wounds become con- 
taminated, a strict routine for preoperative preparation of the operative field 
was established during the first month of this study. The generous use of soap 
and water during the preoperative evening was the essential feature in the 
preparation of the inguinal areas; following this the field was covered with a 
sterile towel securely taped in place and not disturbed until the spinal anesthetic 
had been given. The inguinal regions were then cleansed vuth ether and 
painted with a standard antiseptic solution. 

Chromic catgut in sizes No. 0 and 1 was used for repair of the hernia with 
No. 000 chromic or plain No. 0 for fine tics in one series of cases. A second series 
of cases was observed using fine steel wire and cliromic No. 000 for ties. When 
cotton thread was emplojmd No. 50 white was used for superficial ties and the 
hernial repair carried out with either No. 24 or 30 white thread. In a series 
of 239 consecutive eases, 1 Gm. of sulfanilamide powder was placed in the super- 
ficial fat before closure and its effect on wound healing noted. 

For the first quarter of this study (300 cases) the dressings were changed 
on the third postoperative day and again on the seventh day after operation 
when the sutures were removed. In the remaining period (1,100 cases) the 
dressings Avere not disturbed until the seventh postoperative day unless 
specifically indicated, and pressure dressings utilizing two gauze rolls were 
routinely employed. All wounds were carefully graded and classified as having 
healed by primary union or as complicated grade A, B, or C. An “A” wound 
referred to a serum collection or small hematoma rvliich in no AAmy materially 
delayed convalescence or interfered with the wound integrity. Wounds classi- 
fied as “B” evidenced a small stitch abscess which promptly responded to 
therapy in forty-eight to seventy-two hours. Type “0” wounds were those in 
whieh a frank infection developed, necessitating opening of the incision and pro- 
ducing a definite delay in convalescence and potential interference with the 
integrity of the wound. 

The results of this study in woiuid liealing are tabulated in Table IV. The 
Avounds obtained using Avliite cotton tlu-ead in sizes No. 50 for ties and No. 24 
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Table R'’. Wound CojtPLicATioNs, Series of 1,406 Patients WitiiTnouinal Defects 
Repaired With Different Suture Materials 


MATERLVL 

NUIIBER 

OF 

CASES 

“A" 

COJtPLICATION 

“B” ] 

COMPLICATION 

“C" 

COMPLICATION 

NUM- 

BER 

PER ! 
CENT ! 

NUM- 

BER 

1 PER 

1 CENT 

NUM- 

BER 

PER 

CENT 

Chromic No. 1, plain No. 0 

165 

31 

18.7 

1 

0.6 

9 


Chromic No. 0, chromic No. 000 (S) 

114 

8 

7.0 

1 

0.8 

3 


Steel wire, chromic No. 000 (S) 

30 

5 

IG.O 

0 

0.0 

0 


Cotton No. 24, No. 50(S*) 

95 

7 

7.3 

1 

1.0 

0 


Cotton No. 24, No. 50 

301 

17 

5.6 

0 

0.0 

0 


Cotton No. 24, No. 50 (Pf) 

701 

14 

2.0 

3 

0.42 

7 



Twenty-six of 82 type "A” wounds (32 per cent) due to hematomas. 
•S indicates 1 Gm. of sulfanilamide in wound. 
tP refers to pressure wound dre.ssing. 


for the hernial repair together Avith a pressure dressing were so strikingly 
superior that this type of suture was routinely adopted for use in all general 
surgical procedures. Fine cotton suture material has the obvious advantages 
of low cost, ready availability, simple sterilization, and ease of handling. With 
its use the incidence of type “A” wound complications (serum or hematomas) 
was reduced to 2 per cent in the last 701 patients submitted to corrective in- 
guinal procedures. The induration which usually characterizes a hernial wound 
closed until catgut, especially in the larger sizes, has been striking by its absence 
in this series of cotton wounds. In no instance has a draining sinus developed 
necessitating exploration of the wound to remove retained cotton knots. It is 
interesting to note that the introduction of 1 6m. of sulfanilamide powder into 
the superficial fat of these wounds before closure, using both fine catgut and 
cotton suture material, consistentlj’- tripled the incidence of serum collections 
subsequently requiiing evacuation. 

The incidence of Type “B” and “C” wound complications referring to 
stitch abscesses or frank wound infections, respectively, was 1.4 per cent for this 
series of inguinal procedures. In the five wounds in which infection developed 
after closure with cotton, the subsequent healing time was quite comparable 
to that seen with a similar wound infection when catgut had been used as the 
suture material. We feel that cotton suture material is a very worth-while 
addition to our surgical armamentarium and wili become increasingly popular 
^vith surgeons in the postwar era. 

Postoperative pulmonary complications occurred in 2.4 per cent of this 
series of 1,407 consecutive inguinal procedures. Atelectasis, both lobar and 
lobular, and bronehiopneumonia were the most frequent chest complications en- 
countered in the order named. In every instance there was a prompt and satis- 
factory recovery ivith appropriate therapeutic measures. 

Postoperative urinary retention early presented itself as a complication of 
the first magnitude in this group of young men, in none of whom was organic 
urinary tract pathology present (Table V). In the first 301 operations, eighteen 
hours were allowed to pass following surgery before catheterization was resorted 
to if the patient was unable to void. Using ordinary conservative measures, the 
incidence of urinary retention in this group was 19.9 per cent. The use of the 
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Tabm V. Postoperative Urinary Retention in a Series op 1,371 Patients 
P oLLOwiNG Inguinal Procedures 


NUMBER OP 
CASES 

THERAPY 

PATIENTS 

REQUIRING 

catheterization 

per cent 

REQUIRING 

CATHETERIZATION 

301 

C. M.,* 18 hours 

60 


202 

C. M., prostigmine 1 :4000 

48 


242 

C. M., prostigmine 1:2000 (up patients) 

10 


240 

C. M., sterile saline (up patients) 

1 


152 

C. M., prostigmine 1:2000 

3 


65 

C. M., sterile saline 

3 

4.6 

169 

C. M., 24 hours 

2 

1.2 

1,371 


127 

9.2 Average 


*C. M.,' Conservative measures. 


same conservative measures plus prostigmine 1 :4000 for a total of eight doses 
had no effect in reducing the incidence of retention in a second group of 202 
cases. Prostigmine 1 :2000 solution was then adopted, one injection being given 
at 6 A.M. on the morning of surgery and seven injections following operation at 
four-hour inteiwals. In addition to this, tAventy-four liours were allowed to pass 
following operation unless the patients ivere definitely uncomfortable and they 
w'ere permitted to stand at the bedside to void if necessary. This latter pro- 
cedure Avas considered entirely safe after the general adoption of cotton suture 
material for AA'-ound closure. With this routine the incidence of postopei’ative 
urinary retention fell abruptly to 4.1 per cent. This improvement AA^as so 
dramatic that normal saline solution AA’as substituted for the prostigmine solu- 
tion Avithout knoAvledge of the Avard personnel, all other measures being con- 
tinued. The results Avere even more striking, the incidence of retention dropping 
to .41 per cent. 

Further series of cases Avere obserA>'ed Avith the use of both prostigmine 
1:2000 solution and noimial saline solution, but again tlie patients Avere pro- 
hibited from standing at the bedside to void. In these two series the incidence 
of retention requiring catheterization Avas 1.9 and 4.6. A final group of 169 
patients was observed in Avhich no medication Avas employed, no patient Avas 
permitted out of bed, and tAventy-four hours Avere alloAved to pass in all eases 
before catheterization. The incidence of retention in this group Avas 1.2 per cent. 

We concluded from this study that prostigmine Avas not primarily respon- * 
sible for the reduction in the incidence of ui’inary retention in these young 
individuals.* The important factors Avere alloAving tAventy-four hours to pass 
before insisting that the bladder be emptied, permitting the sitting or standing 
position to void if surgically feasible, and providing good nursing care. 

Unfortunately, it is impossible to haA^e available the figures on I'ecurrence 
in this series of inguinal defects subjected to surgical repair. To our knoAAdedge, 
Uone of these patients have reported to date Avith a recurrence, although it is a 
well-established fact that these may be expected Avithin the first year folloAving 
surgical repair. Watson® stated that the recurrence rate for indirect inguinal 
hernias varied from 1 to 10 per cent, being lowest in the age group from 10 to 45 
years, while the incidence of recurrence Avith direct inguinal hernias aa’Us from 
10 to 20 per cent in the most experienced hands. 
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Table IV. Wound CoitPLicATioNS, Series of 1,406 Patients With Inguinal Defects 
Repaired With Different Suture Materials 


MATERIAL 

NUMBER 

OF 

CASES 

“A” 

COMPLICATION 

“B” 

COMPLICATION 

“C” 

COMPLICATION 

NUM- 

BER 

PER 

CENT 

NUM- 

BER 

PER 

CENT 

NUM- 

BER 

PER 

CENT 

Chromic No. 1, plain No. 0 

165 

31 

18.7 

1 

0,6 

9 

5.4 

Chromic No. 0, chromic No. OOO(S) 

114 

8 

7.0 

1 

0.8 

3 

2.6 

Steel wire, chromic No. OOO(S) 

30 

5 

16.0 

0 

0.0 

0 


Cotton No. 24, No. 50 (S*) 

95 

7 

7.3 

1 

1.0 

0 


Cotton No. 24, No. 50 

301 

17 

5.6 

0 

0.0 

0 


Cotton No. 24, No. 50 (Pf ) 

701 

14 

2.0 

3 

0.42 

7 



Twenty-six of 82 type "A” wounOs (32 per cent) due to hematomas. 
*S indicates 1 Gm. of suICanliamide in wound. 
tP refers to pressure wound dressine. 


for the hernial repair together with a pressure dressing were so strikingly 
superior that this type of suture was routinely adopted for use in all general 
surgical procedures. Fine cotton suture material has tlie obvious advantages 
of low cost, ready availability, simple sterilization, and ease of handling. With 
its use the incidence of tj^pe “A” wound complications (serum or hematomas) 
was reduced to 2 per cent in the last 701 patients submitted to corrective in- 
guinal procedures. The induration which usually characterizes a hernial wound 
closed with catgut, especially in the larger sizes, lias been striking by its absence 
in this series of cotton wounds. In no instance has a draining sinus developed 
necessitating exploration of the wound to remove retained cotton Icnots. It is 
interesting to note that the introduction of 1 Gm. of sulfanilamide powder into 
the superficial fat of these wounds before closure, using both fine catgut and 
cotton suture material, consistently tripled the incidence of serum collections 
subsequently requiring evacuation. 

The incidence of Type “B” and “C” wound complications referring to 
stitch abscesses or frank wound infections, respectively, was 1.4 per cent for this 
series of inguinal procedures. In the five wounds in which infection developed 
after closure with cotton, the subsequent healing time was quite comparable 
to that seen with a similar wound infection when catgut had been used as the 
suture material. We feel that cotton sutui’e material is a ver}’- worth-ivhile 
addition to our surgical armamentarium and will become increasingly popular 
with surgeons in the postwar era. 

Postoperative pulmonary complications occurred in 2.4 per cent of this 
series of 1,407 consecutive inguinal procedures. Atelectasis, both lobar and 
lobular, and bronchiopneumonia were the most frequent chest complications en- 
countered in the order named. In every instance there was a prompt and satis- 
factory recovery with appropriate therapeutic measures. 

Postoperative urinary retention early presented itself as a complication of 
the first magnitude in this group of young men, in none of whom was organic 
urinary tract pathology present (Table V). In the first 301 operations, eighteen 
hours were allowed to pass following surgery before catheterization was resorted 
to if the patient was unable to void. Using ordinary conservative measures, the 
incidence of urinary retention in this group was 19.9 per cent. The use of the 
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The Use of Chemotherapy in the Secondary Closure of War Wounds 

of Soft Parts 

A n analysis of tlie experience of various surgeons with the secondary 
suture of war wounds of llie soft parts i-eveals important discrepancies in 
technique. Failure to I'ecognize these discrepancies lias resulted in confusion 
concerning the use of chemotherapy as an adjuvant to the secondary suture 
of wounds of the soft parts. 

The reported experience may be segregated into tliree main categories : 

1. Secondary suture or skin grafting at the time of removal of the first 
dressing subsequent to initial surgery. Sulfonamide is given after initial sur- 
gery but is discontinued at the time of surgical closure of the wound. Healing 
without infection occurs in 90 to 95 per cent of cases. 

2. Secondary suture or skiir grafting of wormds dressed more than once 
after initial surgery. If no chemotherapy is given, liealing rvithout infection 
occurs in only 50 to 70 per cent of cases. 

3. Secondary sutirre or skiir grafting of wounds dressed more than once 
but patient given chemotherapy, usually sulfonanude, after secondarj’’ closure. 
Healing without infection occurs in 85 to 95 per cent of eases. 

The sru’geon who elects secondary closure at the time of removal of the 
first dressing accomplishes his objective rvith the least waste of time and effort 
and the results are as satisfactory as with airy other method. Reliance is placed 
upon the clearr surgical appearance of the wound as an index of the absence of 
infection. 

The surgeon who elects secondary closure after two or more dressings of 
the wound has found it necessary to use chemotherapy, usually sulfonamide, to 
prevent infection. The ultimate results are comparable, but not superior, to the 
lesults attained by secondary closure at the time of the first dressing wutlrout 
subsequent chemotherapy. 

Important clinical conclusions are permissible. The gross pathology of the 
wound is a reliable index of infection only when three to ten days have elapsed 
since the last dressing. Further, it is impractical to use bacteriologic cultures 
to determine the optimal time for wound closure. Contamination at the time 
of culture may not be revealed by the outgrowth of the coincidentally implanted 
organisms. The efficacy of sulfonamides in the prevention of infection in sec- 
ondarilj^ sutured wounds of the soft parts suggests that the most likeb' respon- 
sible pathogen is the beta hemolytic streptococcus. The bacteriologic studies 
of World Wars I and II support this conclusion. The efficacj- of sgsteinically 
adniinisicred sulfonamides in the therapy of impending streptococcal infection 
is clearly established. 
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partial early and a gradual late and usually incomplete return toward the 
preoperative state that limits the therapeutic effectiveness of the procedure. 
Clinical and experimental observatioiis that might explain recovery phenomena 
will be considered first in three groxips. General limitations of surgery of the 
sympathetic nervous system will then be discussed. 

SYMP.WilETIC KEJIVE REGENERATION 

Eegeneration has been considered important as a limitation of sympathec- 
tomy since the studies of early investigators. Pye-Smith^'' in 1887 reported 
recovery of control of the nictitating membrane, pupil, and temperature of the 
ear in a cat 110 days after removal of a portion of the left cervical sympathetic 
chain. Langley, “ Tsukaguchi,’" Lee,® and others have established the 
ability of preganglionic fibers central to the superior cervical sympathetic 
ganglion in eats, dogs, and rabbits to regenerate. Functional preganglionic 
regeneration could be demonstrated by central stimulation in these experi- 
ments within three to eight weeks. Lec^ bi'ought out the remarkable ability 
of sympathetic nerves to bridge long defects. Regeneration occurred in one 
case 275 days after a one-inch scpai'ation of the cut ends of the ceridcal chain 
even though the sternomastoid muscle had been placed between the divided 
ends. Lee also reviewed the early literature of nerve regeneration and ob- 
served that vasomotor paralysis disappeared before sebomotor and pilomotor 
function returned. Tower and Richter'® have demonstrated regeneration of 
divided preganglionic fibers central to the stellate ganglion in cats with re- 
turn of skin resistance and skin action currents of the pads of the paws to 
normal. Hinsey, Phillips, and Ilare"’ demonstrated preganglionic regeneration 
to the head and limbs of cats after various forms of sympathectomy. 

Holliushead and FinkelsteiiP® demonstrated by histologic methods regen- 
eration of the sympathetic nerve supply to the adrenal glands of cats as early 
as four months after sympathectomy. Haimovici and Hodes-' demonstrated 
cardiac acceleration in completely sympathectomized cats and believed that 
this effect resulted from nerve regeneration to’ the adrenal glands. The phe- 
nomena of regeneration and partial recovery of sympathetic function after 
preganglionic sympathectomy of extremities in patients has been observed 
frequently by many surgeons and has been emphasized by Smithwick.-^ Kirgis 
and Ollier-® described histologic evidence of regeneration after sympathetic 
ganglioneetomy in eats. They observed functional regeneration to the eye but 
not to the leg or foot. 

The ability of postganglionic sympathetic nerve fibers to regenei'ate has 
also been investigated. TucketP' in 1896 obtained evidence of regeneration 
of postganglionic fibers from the superior cervical ganglion of a rabbit in 259 
days. Machida®® found regenei’ation as early as fifty-seven days and also 
noticed that vasomotor recovery preceded recovery of the pupil. Tower and 
Richter®® found no evidence in the paws of cats of recovery of sweating or 
decrease of skin resistance that might indicate functional regeneration one to 
one and one-half years after division of the sympathetic fibers from the stel- 
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late ganglion. Hinsey, Phillips, and Hare^® found no evidence of regeneration 
to the forepads of cats 236 days after removing the thoracic chain from the 
stellate through the eighth tlioracic ganglion. ‘ Kilvington and Osborne^' re- 
ported return of vasomotor reflexes as determined by the plethysmograph 205 
days after section of the sciatic nerve of dogs. Trotter and Davies®® observed 
recovery of sebomotor and pilomotor function six to eight months after pe- 
ripheral nerve section performed upon themselves. Kredel and Phemister®® 
have demonstrated varying degrees of restoration of vasomotor, pilomotor, 
and sebomotor function in pedicle skin flaps in which nerve and blood supply 
had been completely severed in stages. Recovery of central vasomotor tone 
and of a vasoconstrictor mechanism capable of response to central stimulation 
has been reported in comifletelj'' sympathectomized dogs.®® Histologic evi- 
dence of sjnnpathetic nerve regeneration that might explain the incomplete 
vasomotor recovery observed Avas described. Additional unpublished studies 
by P. E. Kredel, H. “Wilson, and D. B. Clarlv of blocks of tissue removed from 
the scar of excision of the sympathetic chain of these dogs haAm demonstrated 
that regenerating flbers leaAm the divided sympathetic rami and enter and 
folloAv along the scar. Sympathetic fibers Avere fcAv and scattered in the first 
feAv Aveeks. HoAvever, one jmar or more after sympathectomy, definite nerve 
bundles coursed along through the sear. Simmons and Sheehan®^ demon- 
strated by ulnar nerve block evidence of regeneration in patients having a 
late relapse after ganglionectomy or preganglionic sympathectomy performed 
for acrocyanosis, Raynaud’s disease, or scleroderma of the upper arm. 

These reports and many others demonstrate that nerve regeneration and 
a varying amount of recovery of function may occur after division or excision 
of sympathetic nei'A'^es and ganglia. “While this process may limit the enduring 
effectiveness of regional or total sympathectomy it probably does not explain 
the early partial recoAmry of Amscular tone. Tavo factors that play a role 
in the early recoA’^ery will next be considered. 

INCREASED IRRITABILITY OP SMOOTH MUSCLE AFTER SYMPATHECTOMY 

- An increased responsWeness of denerAmted smooth muscle to blood-borne 
vasoconstrictor or vasodilator substances might limit the early effeetiA’^eness 
of sympathectomy. Bernard®® in 1852 divided the cerAucal sympathetic chain 
beloAV the superior cervical ganglion in animals and observed turgescence of 
blood A’^essels and increased Avarmth in the denerAmted area. He recognized 
that the enlargement of the blood A’^essels diminished Avithin seA'^eral hours and 
might not be Ausible one day after nerve section but that the Avarmth persisted 
seA'^eral months and Avas maintained during exposure to cold. He later ob- 
served®® that the paralytic effect of remoA'al of the superior cervical ganglion 
Avas more rapid, more intense, and greater than that produced by simple sec- 
tion of the cervical sympathetic chain and that it might last at least one and 
one-half years in the dog. 

Degeneration of postganglionic sympathetic nerve fibers Avas employed by 
LeAvandoAvsky®* and Langley,®® Avho excised the superior cerAucal ganglion, and 
by Brodie and Dixon,®® Avho diA^‘ ’ 
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demonstrate that adrenalin had a peripheral action. Meltzer and Meltzer®’ 
studied the circulation of the rabbit’s ear after unilateral resection of the 
sympathetic chain or the superior cer^dcal ganglion. They observed that the 
constriction of the blood vessels produced by intravenous adrenalin began 
later, developed more slowly, and lasted longer in the denervated than in the 
opposite ear. They also observed®® that dilatation of the vessels of the normal 
ear and constriction of those in the sympathectomized ear followed moderate 
amounts of adrenalin introduced subcutaneou.sly. Thej' concluded that vary- 
ing degrees of sympathetic vasoconstriction and vasodilatation of central ori- 
gin modify the peripheral action of adrenalin in the normal ear and that the 
phenomena observed in the s3Tnpathectomized ear represents the peripheral 
action of adrenalin freed from these central influences. 

An essential difference between' division of the cervical sympathetic chain, 
preganglionic sjunpathectonij”, and excision of the .superior cervical ganglion, 
ganglionectomy, was described by Meltzer and Auer®® in rabbits and Meltzer^® 
in cats. Thej’^ observed that subcutaneous adrenalin had no effect on the nor- 
mal pupil or upon the pupil denervated by preganglionic sympathectomy but 
that it prodixced maximum dilatation of the pupil denervated by ganglionec- 
tomy. This effect was first evident twenty-four to forty-eight hours after 
ganglionectomy and continued during a three and one-half month period of 
observation. Elliott^ extended these studies to include the smooth muscle of 
blood vessels and noted that the increased irritability persisted at least ten 
months. He also noticed that some degree of increased irritability followed 
preganglionic sympathectomy. He stated, "This, then, is true for all the mus- 
cles thro-wn into contraction bj' adrenalin, that after decentralization (i.e., 
degenerative section of the preganglionic sjnnpathetic nerves), and still more 
clearly after denervation (degenerative section of the post-ganglionic sympa- 
thetic nerves), they contract in the presence of adrenalin alike with greater 
irritability and persistence.” 

Dale and Richards''® demonstrated that the blood vessels of cats were 
rendered abnormally sensitive to the vasodilator action of histamine and acetyl- 
choline as well as to the constrictor action of adrenalin by complete degenera- 
tion of their nerve supply. 

Eosenbleuth and Cannon^® studied the effect of sympathin on the nictitat- 
ing membrane of the cat after removal of the superior cervical ganglion and 
determined that contraction would occur only after "sensitization” of the 
animal by cocaine injection. HempeR'* also studied adrenin and the nictitating 
membrane of the eat and observed that the increased response following sec- 
tion of the cervical sympathetic chain is about one-half as great as that which 
follows denervation by ganglionectomy. He remewed the theories advanced 
to explain the increased "sensitivity” and favors the Rosenbleuth proposal 
that an increase in permeability of the denervated cells after sympathectomy 
is responsible. 

Fi-eeman, Smithwiek, and White^® employed intravenous adrenalin and 
insulin hypoglycemia in patients and observed an abnormal lowering of skin 
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temperature that developed six or eight daj's after removal or alcohol injec- 
tion of the sympathetic' ganglia. This effect was also observed during insulin 
hypoglycemia in rabbits and cats. Removal of one adrenal and denervation 
of the other prevented the vascular constriction which usually accompanied 
hypoglycemia in animals. Smithwick, Freeman, and White'*® considered the 
possible relationship of this “hypersensitivity” to the recurrence of vascular 
spasm in Raynaud’s or vasospastic disease that often occurred after upper arm 
sympathetic ganglionectom 3 ^ Four patients treated by eervieodorsal gan- 
glionectomy demonstrated a marked degree of vasospasm following intravenous 
epinephrine. Three of these, ten days, twenty-two days, and ten months, re- 
spectively, after operation, had a marked clinical recurrence of spasm, and 
one three months after operation had no clinical recurrence. Two patients 
after lumbar ganglioneetomy had marked and moderate spasm with epineph- 
rine, although clinical recyrrenee was slight or absent at twenty-two days and 
at ten months. One other patient described had an incomplete sympathectomy 
and three had no note concerning clinical recurrence. These authors concluded 
from these limited clinical studies that hypersensitivity to circulating epineph- 
rine may constitute an important source of unsatisfactory results of sympa- 
thetic ganglioneetomy for Raynaud’s disease. 

Grant^^ studied the vasomotor reaction of the rabbit’s ear to changes of 
room and body temperature, nervous and muscular activity, and adrenalin. 
Increased responsiveness of denervated vessels developed during five to seven 
days and then remained constant during nine-, thirteen-, and fifteen-month 
periods of obsei'vation. One rabbit, however, regained constriction of the ear 
vessels between thirteen and eighteen months after excision of the superior 
cervical and stellate ganglia. Preganglionic sympathectomy was also observed 
to produce an enhanced responsiveness although less than that produced by 
removal of the ganglia. The reactions of the normal and the denervated ears 
were not altered by adrenalectomy or by removal of the pituitary body. Grant 
believed, therefore, that under conditions of nervous and muscular activity an 
adrenalin-like substance, probably not sympathin, circulates through the blood 
from some unknown source. This substance was thought to play a role in 
maintaining normal vascular tone and body temperature and in stimulating 
the increased responses observed in denervated vessels. 

White, Okelberry, and AVhitelaw^® made further observations on the de- 
nervated rabbit’s ear and on the hands of two monkeys. Following denerva- 
tion of one hand of the monkeys by ganglioneetomy 1 c.c. of 1 to 1,000 epineph- 
rine produced a surface temperature lowering from 86 to 74.5° F. in one ani- 
mal and 0.25 c.c. produced a fall from 88.5 to 81.5° F. in the other. The 
temperature of the control hands was not changed. In addition the spinal 
roots from the fourth thoracic vertebra through the tenth were divided on the 
side of the control hand of one monkey. Epinephrine (0.25 c.c.) later pro- 
duced a lowering of the temperature of this hand from 89 to 85° F. and a 
lowering of the hand denervated by ganglioneetomy from 87.5 to 79.5° F. 
These authors believed that this “sensitization” phenomenon accounts for re- 
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cixrrence of vasospasm. They also believed that since leg denervations are 
usually preganglionic this may explain the better effects of sympathectomy of 
the leg than the arm of patients Avith Haynaud’s disease. 

Aseroft/® Avorking in the laboratory of physiology at Yale in 1935 and 
1936, studied the reaction to local cold and to adrenalin in tAveh'e monkeys 
that had undergone cerAueothoraeic ganglionectomy and eight that had pre- 
ganglionic sympathectomy. Nine of the tAvelvc reacted to local cold as Avell 
as did the normal limb; tAvo reacted more intensely than did the normal; and 
in only one did a good degree of Amsodilatation persist. Each of the eight 
that had preganglionic sjanpathectoray developed less reaction to cold than 
did the noi’inal limbs. Adrenalin “sensitization” occAUTed in all of the sym- 
pathectomized limbs. After preganglionic sympathectomy the reaction to 
adrenalin Avas three times as great as in the normal limb and after ganglionee- 
tomy it Avas ten times normal. Aseroft also noted an opposite order of “sen- 
sitization” for pitressin aiid ephedrine. Preganglionic s 3 Tnpatheetomies pro- 
duced more “sensitization” to these drugs than ganglionectomies. DenerA'a- 
tion of one adrenal gland and remoA'al of the other in two monkeys did not 
preA’-ent abnormal response to cold of hands denei'vated bj-^ ganglionectomy. 
This observation agrees Avith that of Grant'*' and indicates that the adrenal 
medulla is not solely responsible for all of the observed “sensitization” 
phenomena. 

Freeman, "White, SmitliAviek, and others quoted have stated that pregan- 
glionic sj-mpathectomj- might be more beneficial than ganglionectomy in the 
treatment of patients Avith vasospastic peripheral vascular diease. Telford'® 
and SmithAvick'^ in 1935 independentlj' performed preganglionic sympathec- 
tomies rather than ganglionectomies for Amsospastic diseases of the arms of 
patients. Reports of these authors Avere encouraging. LeAvis'- presented six 
patients treated by preganglionic sympathectomy for Raynaud’s disease of the 
hands that early demonstrated clinical improAmment. In fiAm of the six, vaso- 
spastic attacks recurred spontaneously or could be produced by cold and oc- 
clusion. He concluded that these attacks are related to some local fault of 
the blood vessels since central vasoconstrictor nervous influences had been elim- 
nated by the sympathectomy and since sensitization by ganglionectomy or pre- 
ganglionic sjmipathectomj^ of the blood Amssels of arms of patients that have 
no pre-existing Amsospastic disease does not produce Rajmaud’s disease or 
similar clinically significant sensitization phenomena. Simmons and Sheehan®^ 
emphasized the significance of this local faiilt in the early relapse folloAving 
sympathectomy and the importance of nerve regeneration in the late relapse. 
Among thirty-three complete ganglionectomies, early relapse occurred in nine, 
late relapse in tAventj", and no relapse in four. Among tAventy-eight pregan- 
glionic sympathectomies, early relapse occurred in four, late relapse in seven- 
teen, and no relapse in seAmn. Longer obserA'ation of this second later series 
might have further altered the groiip proportions. Ulnar nerAm block by novo- 
cain gave increased temperature of the little finger in the patients Avith late 
relapse that in vieAv of control studies would seem to indicate regeneration. 
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Late relapse usually occurred six to nine months after ganglionectomy and 
as early as three months after preganglionic sympathectomy. "White'^^ sum- 
marized the surgical opinion developed during the first three or four years of 
clinical use of preganglionic sympathectom3^ He stated that most surgeons 
agree that ganglionectomj'’ no longer should he done because of the associated 
increased sensitivity of the smooth muscle of the arterioles. 

Fatherree and Allen®^ and later Fatherree, Adson, and Allen^° after manj' 
carefully controlled clinical experiments disagreed with the clinical observa- 
tions and conclusions' of Smithwick, Freeman, and Wliite quoted previously. 
The first report®^ controlled the expei'imental conditions necessary for an ac- 
curate evaluation, by skin temperature obsei'vations, of the effect of injecting 
epinephrine. Thej' demonstrated that the vasoconstrictor effect of epineph- 
rine varies Avidely in normal individuals and is not necessarily exaggerated in 
patients with Eaynaud’s disease. Their second reporF® demonstrated that 
sympathectomy of the upper extremitj’- of man bj"^ remoAml of the ganglia 
(postganglionic sympathectomy) does not produce nearly as great a "sensi- 
tivity” of smooth muscle as it does in monkej^s. Preganglionic sympathectomj^ 
and postganglionic section (ganglionectomj') of the hand of patients each 
effected a decrease in cutaneous temperature in response to standard doses of 
epinephrine that was approximately twice that observed before operation. 
These authors concluded: "The problem of unsatisfaetorj’’ results that occa- 
sionally folloAv operation for Eaynaud’s disease of the hands has not been 
satisfactorily soh’^ed bj'’ a study of sensitivity of digital arterioles to epineph- 
rine.” This conclusion is in agreement Avith the opinion of many surgeons and 
myself that these unsatisfactory results haA>^e not been materially soh'-ed by 
operations employing the preganglionic sympathectomy technique. 

These reports of increased irritability of smooth mnscle after sympathec- 
tomy indicate that sensitiza'tion phenomena dcAmlop shortly after any form of 
sympathectomy, reach their maximum Avithin tA\m Aveeks, and then persist un- 
less regeneration occurs. These phenomena may limit the early effectiA^eness 
of any sympathectomy during periods of local cold or during circulation of 
adrenalin and adrenalin-like substances in the blood stream. It Avould seem 
evident noAv that ganglionectomy, as described for the upper arm bj’- Adson 
and Brown®® and by Gask,®® is associated AAdth less risk of regeneration, but 
more of "sensitization,” AA'hile preganglionic sympathectomy, as carried out 
by Telford®® and SmitliAvick®^ inAmb'es greater risk of regeneration and less 
of "sensitization.” Further considerations related to the decision betAveen 
these tAvo types of operations Avill be described. 

BECOATiRY OF INTRINSIC PERIPHERAL AVASCULAR TONE 
AFTER SYMPATHEGTOJIY 

The inherent ability of the smooth muscle of blood Amssels to maintain an 
independent tone probablj’- limits the early and late effectiAmness of sympathec- 
tomy more than any other single factor. The finer arteries and arterioles 
containing smooth muscle, and the much greater capillary bed, are largely 
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cixrrence of vasospasm. They also believed that since leg denervations are 
usually preganglionic this may explain the better eft’ects of sympathectomy of 
the leg than the arm of patients with Raynaud’s disease. 

Aseroft/® working in the laboratorj’^ of physiology at Yale in 1935 and 
1936, studied the reaction to local cold and to adrenalin in twelve monkeys 
that had undei'gone cervicothoracic ganglioncctomy and eight that had pre- 
ganglionic sympathectomy. Nine of the twelve reacted to local cold as well 
as did the normal limb; two reacted more intensely than did the normal; and 
in only one did a good degree of vasodilatation ijersist. Each of the eight 
that had preganglionic sjnnpathectomy developed less reaction to cold than 
did the normal limbs. Adrenalin “sensitization” occurred in all of the sjm- 
pathectomized limbs. After preganglionic sjmpathectomy the reaction to 
adrenalin was three times as great as in the normal limb and after ganglionec- 
tomy it was ten times normal. Aseroft also noted an opposite order of “sen- 
sitization” for pitressin and ephedrine. Preganglionic sympathectomies pro- 
duced more “sen.sitization” to these drugs than ganglioneetomies. Denerva- 
tion of one adrenal gland and removal of the other in two monkeys did not 
prevent abnormal response to cold of hands denervated by ganglioncctomy. 
This observation agrees Avith that of Gi’anP" and indicates that the adrenal 
medulla is not solely responsible for all of the observed “sensitization” 
phenomena. 

Freeman, White, SmitliAvick, and others quoted have stated that pregan- 
glionic sympathectomy might be more benefieial than ganglionectomy in the 
treatment of patients with vasospastic peripheral vascular diease. Telford®” 
and Smithtviek®^ in 1935 independently performed preganglionic sympathec- 
tomies rather than ganglioneetomies for vasospastic diseases of the arms of 
patients. Reports of these authors Avere encouraging. LeAvis®” presented six 
patients treated by preganglionic sympathectomy for Rajmaud’s disease of the 
hands that eai’ly demonstrated clinical improAmment. In five of the six, vaso- 
spastic attacks recurred spontaneously or could be produced by cold and oc- 
clusion. He concluded that these attacks are related to some local fault of 
the blood A’essels since central vasoconstrictor nervous influences had been elim- 
nated by the sympathectomy and since sensitization by ganglioncctomy or pre- 
ganglionic sympathectomy of the blood vessels of arms of patients that have 
no pre-existing Amsospastic disease does not produce Raynaud’s disease or 
similar clinically significant sensitization phenomena. Simmons and Sheehan®* 
emphasized the significance of this local fault in the early relapse folloAvang 
sympathectomy and the importance of nerve regeneration in the late relapse. 
Among thirty-three complete ganglioneetomies, earlj'- relapse occurred in nine, 
late relapse in tAventy, and no relapse in four. Among twenty-eight pregan- 
glionic sympathectomies, eai'ly relapse occurred in four, late relapse in seven- 
teen, and no relapse in seA'en. Longer observation of this second later series 
might have further altered the group proportions. Ulnar nerve block by novo- 
cain gave increased temperature of the little finger in the patients Avith late 
relapse that in vicAv of control studies Avould seem to indicate regeneration. 
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for many hours in others. Tliese and other experiments dealing with the 
proprioceptive reflex mech.anisms that regulate blood pressure tluis indicate 
that central or peripheral reflex activity modulates peripheral vascular tone 
but does not entirely maintain it and cannot entirely overcome it even by 
active vasodilatation. , 

Studies of circulation and blood pressure in animals after destruction of 
the thoracic and lumbar spinal cord, or after total paravertebral sympathec- 
tomy, also demonstrate that the peripheral vascular bed maintains and im- 
proves tone after denervation. The cord destruction experiments also yield 
observations relative to the circulation after a preganglionic sjnnpathectomy 
of the entire body. The complete paravertebral sympathectomy experiments 
offer comparable studies on the effects of sympathetic ganglionectomy. 

Hermann, Morin, and Vial®^’ have reviewed the effects of cord destruc- 
tion. They demonstrated by acute experiments that ascending desti’uetion of 
the spinal cord to progressively higher levels effects appreciable lowering of 
blood pressure only after the seventh thoracic spinal segment is reached. 
Further destruction of the remaining upper thoracic segments lowered the 
pressure to values around 50 mm. Hg. Destruction of the entire thoracic and 
lumbar cord was associated with a relatWely normal blood pressure even 
though chronic experiments were continued up to one year and fifty-three 
days. Normal values returned within one day, or two, of the operation and 
were maintained. These animals Avith preganglionic sympathectomies of the 
entire vascular bed, produced by cord destruction, were extraordinarily sen- 
sitive to small doses of hypertensive pharmacologic products, such as adren- 
alin. These authors discussed the possibility that either a sensitization to 
adrenalin liberated by humoral stimulation of the denerAmted glands or a 
peripheral nervous tone arising in the decentralized sympathetic ganglionated 
chains might partially account for the maintained peripheral resistance. 

Removal of the paravertebral sympathetic chains Avas first performed up- 
on cats by Cannon and associates.®® The effects of this procedure upon circu- 
lation have been revieAved and further investigated employing dogs.®® The 
operations were carried out in three stages at intervals of several weeks. A 
decline of blood pressure averaging 38 mm. Hg occurred. Restoration began 
within a few Aveeks of the last stage of the sympathectomy and reached the 
preoperative level in an average time of six months. Blood volume and blood 
viscosity Avere not appreciably altered. Cardiac output Avas reduced during 
the stage of hypotension and also late after restoration of the blood pressure 
to normal values. Varying amounts of adrenalin gnmn before and several 
Aveeks to one or tAvo years after the sympathetic ganglionectomy produced 
essentially similar blood pressure responses. Blood pressure loAvering seems 
more prolonged and adrenalin hyperresponsiveness less eAudent in these ex- 
periments than in those inAmlving cord destruction. 

These studies on vascular tone during perfusion of isolated organs stimu- 
lation of carotid sinus and depressor nerves, destruction of the spinal cord, 
and excision of the paravertebral sympathetic chains and ganglia seem to 
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indicate that denervated blood vessels are capable of developing an intrinsic 
tone. This tone is not dependent upon nerve regeneration during the first 
several weeks and may occur at times under conditions that would exclude 
an adrenalin “sensitization” factor. Cannon® stated; “Until definite proof 
that an external agent operates to restore ‘tone’ in denervated vascular muscle 
I believe we are Avarrauted in assuming that the restoration results from an 
intrinsic property of the muscle itself.” This property of denervated smooth 
muscle probably presents the major limitation to the effecth'eness of clinical 
S3nnpathetic nerve surgerj’- for vascular disease. 

GEXERxVL LTMITATIOXS OF SYJIP.VTHECTOSIY 

The Bole of Symjjathetic Vasodilator Pathways. — There are influences in 
addition to the three just discussed that limit or qualify the effect of regional 
and extensh'e sjnnpathetic deneiwation of the pei'ipheral Avascular bed. Oper- 
ations eAudentlj' do not uniformlj' alter circulation throAigh the body. A dif- 
ference exists betAveen the effect upon circulation of regional and of extensive 
sj’inpathectomies. Herrick, Essex, and'Baldes®" and Schneider®® believed from 
eAudenee obtained after lumbar sjmipathetic ganglionectomy of the hind leg 
of the dog that increased circulation maj’- remain double the control A’alues as 
long as tAventj"-four to thirty-four months. Sympathectomies of normal legs 
of patients incidentally effected by operation for megacolon produce an eleA^a- 
tion of skin temperature that may persist many years. Essex, Herrick, Baldes, 
and Mann®® determined that nine and ten jmars after lumbar ganglioneetomj’ 
of one hind leg in a dog the blood floAV returned to almo.st the same as that of 
the normal limb. Sympathectomies of the entire body of the dog®® effect a 
less conspicuous change in circulation. Blood A'olume and viscosity are not 
appreciably altered and cardiac rate and output are decreased. Sjnnpathec- 
tomies of most of the bodj' of patients Avith hj^pei’tension®’ ■® haAm not altered 
AmnoAis pressure or arm-to-tongue circulation time and haAm slightly decreased 
the basal heart rate and cardiac output. Extensive or total sjnnpathectomy 
does not double the rate of circulation of blood through the body as regional 
sympathectomj' maj^ for the leg. 

This difference betAveen the effect of regional and of total sj^mpathectomy 
may be related in part to the role plajmd by the Amsodilator mechanism of the 
body. The effect of a sympathectomj’^ upon each organ or body structure Avill 
Amry AAuth the relathm importance of Amsoconstrictor influence or tone in the 
regulation of its circulation. Sympathetic nerA^es may carrj’- Amsodilator fibers 
and the effect of sympathectomy AAdll Amry Avith the number and importance 
of the vasodilator fibers divided. 

A complex A'asodilator sj'stem exists in some animals and also in man. 
klcDoAvalF and Bnrn^^ haA’e recently summarized the current opinions related 
to this system. Neiwous Amsodilator mechanisms are in part extrasympathetic. 
They are related locally to LoAmn reflexes, axon reflexes, and antidromie im- 
pulses. They are related centrally to Amsodilator impulses that travel from 
centers in the medulla and spinal cord through specialized nerA'^es such as the 



RECENT ADVANCES IN SURGERY 


287 


chorda tympani and nervns erigens and according to some evidence through 
the posterior nerve roots along many sensory nerves. 

Nervous vasodilator fibers ai'e also in part contained in the sympathetic 
nervous system. Activity varies in different parts of the body. Burn’* stated 
that sympathetic vasodilatation is easily demonstrable in the muscles of the 
dog, detectable in the intestines, and absent in the skin except for that of the 
ear. He also stated that there are important differences in different species. 
The rabbit and monkey have no demonstrable sympathetic vasodilators to 
muscle, the rat has a feiv, and the dog and the hare many. 

Rosenbleuth and Cannon’* suggested that the vasodilator system consists 
of autonomic dilators primarily distributed to skeletal muscle, parasympa- 
thetic dilators such as the chorda tympani and nervi erigentes, and dorsal root 
dilators, distributed primarily to the skin and viscera. Sewall and Sanford” 
early recorded the finger volume of patients and found that weak stimulation 
of the ulnar nerve produced dilatation and stronger stimulation constriction 
by reflexes activated by stimulation of sensory filaments. 

Detailed evidence of the presence or the significance of sympathetic vaso- 
dilator fibers to vai’ious parts of the body in man cannot be easily obtained. 
Lewis and Pickering” reported evidence for the presence of sympathetic vaso- 
dilators to the fingers. This evidence was obtained by heating the body of 
patients and observing the color response of a cool extremity. Until further 
study demonstrates the presence and distribution or the absence of sympa- 
thetic vasodilators in man a possible relationship to the current surgical treat- 
ment of vascular disease must receive consideration. 

A sympathectomy in a patient might interrupt vasodilator pathways to 
such important structures as muscle. It might intei'rupt the afferent sensory 
fibers from the viscera that travel in the sympathetic nerves and have been 
described in dogs by Moore and Singleton.” It might also interrupt autonomic 
proprioceptive fibers from smooth muscle (Lang-\vorthy**). Interruption of 
afferent pathways could alter extrasympathetic as well as sympathetic vaso- 
dilator reflexes. Splanchnicectomy might also interfere with the vasodilata- 
tion of the intestines produced by small doses of adrenalin, as has been re- 
ported in acute experiments in the dog and cat by Hartman and Fraser.’® 
While lumbar sympathectomy alone in acute experiments did not abolish the 
vasodilating action of small doses of adrenalin, Wierzuchowski,” and Hart- 
man and Fraser’® did observe that complete denervation, both s3Tnpathetie 
and somatic, abolished this action of adrenalin in perfused hind legs of the 
dog. Similarly, Wierzuchowski” observed that there was no vasodilatation 
from adrenalin in isolated and perfused hind legs of frogs, or in similarly 
treated rabbits’ ears and heads. There was also no reversal of the action of 
P 933 under these conditions. It would, therefore, seem that adrenalin vaso- 
dilatation would be influenced by sympathectomy more in the splanchnic or 
visceral area than in extremities. 

Postural hypotension is evident in man after extensive sympathectomies. 
Exercise in extensively or completely sympathectomized patients, dogs, and 
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cats causes a lowering rather tlian an elevation of blood pressui-e. Until more 
information related to the subject is available, tJie possibility exists that ex- 
tensive sympathectomies in man may alter vasodilator mechanisms as well as 
interrupt vasoconstrictor pathways. 

The functional balance between sympathetic vasocon.strietors and sym- 
pathetic vasodilators and the functional effect of .sympathectomy upon circulation 
evidently differs from organ to organ and .structure to structure. IffcDowall' 
has reviewed the detailed experiments that indicate that sympathetic vaso- 
constrictors extend to almost every organ and structure of the body but that 
vasodilators are preponderantly evident to .some. Heymans, Bouckaei’t, and 
Regniei's'® have reviewed the complex role played by the modulator nerves of 
the carotid sinus atid the heart and the aorta. These nerves act through the 
vasomotor centers to control the balance between vasoconstrictors and vaso- 
dilators. The old principle that excitement, sham rage, and hemorrhage may 
contract the vessels of the skin, the .spleen, and the splanchnic region and at 
the same time assure adequate circulation through the ve.ssels of the heart, 
brain, and muscles is to an important degi’ce dependent upon this balance. 
Sympathectomy would increase circulation least in those organs that receive 
a preponderant vasodilator influence. 

The Function of Arteriovenous Aiutstomoses. — Certain organs have a shunt 
mechanism that further complicates the effect of sympathectomy. The.se shunts 
are especially evident in the skin where they aid the regulation of body heat. 
They conduct blood directly from fine arteries to fine veins, and are called 
arteriovenous anastomoses. The development of our understanding of the 
importance of these dii’ect communications has been well reviewed by Clark.'” 
Arteriovenous anastomoses are known to exist in man in the penis, fingers, and 
toes, and probably have a wider distribution as they are known to have in 
animals. The occurrence of painful glomus tumors in patients demonstrates 
both their presence and their rich nerve supply. 

Anastomoses in the rabbit’s ear constrict with adrenalin and faradic 
stimulation of sympathetic nerves and dilate after histamine and acetylcholine. 
When widely open they may conduct oxygenated arterial blood directly into 
veins at the e.xpense of the capillary circulation. Their general behavior is 
similar to the activity of small arteries and arterioles although irregular 
periodic contractions are more active and less dependent upon changes of the 
general circulation. A sympathectomy to an area, should it open widely these 
shunts, might effect an increase of circulation through these multiple arterio- 
venous fistulas without increasing the supply of blood to the tissues through 
the capillaries. 

Humoral and Metabolic Control of CircuUition Through Denervated kes- 
sels. — Release of central vasomotor tone by sjnnpathectom.v does not protect the 
vascular bed from responding to many humoral influences. Adrenalin maj' he 
liberated bj" the adrenal glands of most patients after regional head, arm, or leg 
siTupathectomies during exercise, neiwous strain, and exposure and may have 
an enhanced reaction upon the denervated vascular bed. Sympathin vdll 
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experimentally accelerate a denervated heart (Newton, Zwenier, and Cannon®'’) 
and elevate blood pressure (Cannon and Baen®^). Therefore, if sympathin is 
clinically significant it may have an action on denervated hlood vessels similar 
to that of adrenalin. 

Following an accurate splanehnicectomy the denervated adrenals should 
not secrete unless or until regeneration occurs. Stewart and Rogoff®^ demon- 
strated that denervatipn of the adrenal glands of cats arrested the spontaneous 
liberation of adrenalin that they believe occurs, and also the liberation affected 
by nerve stimulation." Sympathin production may also be cut down as sympa- 
thetic denervation of patients is extended to the subtotal or total sympathec- 
tomy. The more extensive sympathectomies currently employed for hyper- 
tension should therefore be less limited b}’' adrenalin-like hormones. 

Another humoral agent, angiotonin (Page and Helmer®®), or hypertensin 
("Munoz, Bvaun-^lenendez, Fasciolo. and Leloir®''), may occur in hypertension. 
Tt is associated with an alteration of renal circulation and metabolism. This 
agent may act directly upon blood vessels deprived of their sympathetic nerve 
supply even after complete experimental sympathectomy (Heymans, Bou- 
ckaert, 'Elaut, Bayless, and Samaan,®® Freeman and Page,®® Alpert, Alving, 
and Grirason.®' Verney and Vogt®®). Principles from the pituitary and the 
adrenal cortex seem to infiuence the capillaries more than the smaller arteries 
or arterioles. 

Experiments dealing with blood flow and blood vessel dilatation in muscles 
during rest and activity, experiments dealing with reactive hyperemia, and 
those dealing with warming and cooling of smooth muscle all indicate that 
tissue metabolism and metabolic products may influence the peripheral vascu- 
lar bed. Dale®” has reviewed the pharmacology of histamine and its action on 
capillaries and small vessels and that of acetylcholine and its action on ar- 
terioles and small arteries, and that of other substances originating peripher- 
ally and acting upon the vascular bed. Cannon® discussed the possible influ- 
ence upon blood vessels of lactic acid, carbon dioxide, lack of oxygen, his- 
tamine, acetylcholine, and many products of metabolism and concluded: “"We 
haAm no decisive evidence regarding the agencies which adapt the tone of the 
blood A^essels to the needs of organs as they vary betiveen rest and actndty.” 

Temperature may profoundly influence blood floAv and metabolism in 
sympathectomized limbs (Freeman”® and Freeman and Zeller®^). These authors 
have shoAvn that coldness of the hands or feet of patients Avith certain Amscular 
disorders may markedly effect local metabolic control of blood vessels. Infec- 
tion may Avarm up preAuously cool extremities and locally improAm circulation. 
The normal skin temperature gradient Avith the hands and feet usually several 
degrees cooler than the body must have some metabolic influence upon the 
blood Amssels and might influence the development of certain peripheral vas- 
cular diseases. 

Further Limitations of Prcf/augiionic Sympatheciomi) . — Decentralization of 
the stellate or the loAver lumbar symjiathetic ganglia for peripheral vascular 
disease is at present currently populai’. There are, hoAvever, limitations to this 
procedure in addition to the increased likelihood of neiwe regeneration. 
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It has been assumed that all synapses between pre- and postganglionic filjers 
suppljnng the arm are located in the stellate and second thoracic ganglia, and 
those supplying the leg in the third and fourth lumbar and sacral ganglia. Pre- 
ganglionic fibers to the arm travel through the anterior spinal roots from the 
third, fourth, or fifth thoracic segments to about the ninth. Fibers to the leg 
travel from the lower one, two, or three thoracic segments to and through the 
third lumbar. It is possi])lc that as these preganglionic fibers pass through the 
sympathetic chain toward the upper thoracic or the lower lumbar and sacral 
ganglia some may form .synapses with cells that then send postganglionic fibers 
to the limbs. Surgical division of the thoracic chain between the second and 
third dorsal or the lumbar chain just above the third lumbar vertebra would 
then be a postganglionic sympathectomy for such fibers. Experiments deter- 
mining the presence or absence of synapses between pre- and postganglionic 
fibers central to the site of the usual “preganglionic” sjunpathectomies have not 
been reported. Erddenee of pathways other than those usually recognized has 
been obtained in patients (Foerster®-) and in dogs (Derom and Grimson®®). 
This evidence indicates tliat some sjunpathetic vasoconstrictor fibers entering tlie 
raidthoraeie syunpathetic chain may reach the cervical ganglia before returning 
through the stellate ganglia to the arm. Livingston®* and Sheehan** discussed 
the possible role of postganglionic cells, located proximal to the operative field 
of an arm or leg ganglionectoray, in late nerve regeneration. The so-called 
preganglionic sympathectomies may then be also postganglionic sympathec- 
tomies for an undetermined number of sympathetic fibers. The preganglionic 
sympathectomy is also postganglionic for those postganglionic cell bodies that 
are destroyed by ischemia or fibroses after transplantation or encapsulation 
performed to diminish regeneration. 

Although isolated or decentralized sympathetic ganglia lose by degenera- 
tion the postganglionic fibers passing through them, they remain as a group 
of relatively intact postganglionic cells. These cell stations would maintain 
their postganglionic connection with blood vessels and might be capable of 
influencing vascular tone by automatic activity, or by stimulation by reflex or 
humoral influences. 

Sternschein®® reviewed the early evidence indicating that a decentralized 
sympathetic ganglion may exert a tonic influence through its postganglionic 
fibers. Pi'om experiments upon the relationship between the cervical ganglia' 
and the pupil of the rabbit and the cat he concluded that the superior cervical 
ganglion augments or increases the central dilator tonus that it transmits from 
the central nervous system and also suppresses dilator tonus of peripheral or 
humoral origin. Boshamer®® concluded from experiments in the frog that 
sympathetic ganglia disconnected from the spinal cord assist the new tone of 
blood vessels. He suggested that this phenomena might explain the difference 
between pre- and postganglionic sympathectomies observed by Meltzer and 
Auer.®® Hermann and Guiran®* reviewed and further amplified the experi- 
ments with frogs indicating vasoconstrictor tonus originating in sympathetic 
ganglia. Heymans and Brouha® reviewed later evidence for and against the 
assumption that decentralized sympathetic ganglia might exert a tonic influ- 
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eiiee through their postganglionic fibers and concluded that they do effect 
some control. Emphasis has been placed upon the observations of Govaerts 
and Bremer'’® that the decentralized superior cervical ganglion of a cat de- 
velops a tonic influence upon heart rate after several days and that action 
currents reappear in the postganglionic cardiac nerves. 

' Evidence that decentralized ganglia maj’- exert an influence upon blood 
pressure may also be obtained by comparing the results of .experiments em- 
ploying low cervical cord section, cord destruction, and total sympathectomy 
in dogs. Phy.siologists have long recognized that low cervical cord section 
lowers blood pressure to around 50 to 80 mm. of mercury, but that a recovery 
toward normal values occurs within twenty-four liours. Also, the cord de- 
struction experiments described preAnously®^> indicate a similar immediate 
lowering of pressure and a return to normal within one day or two. In these 
two types of experiments the sympathetic ganglia and their postganglionic 
fibers remain intact. The effect upon blood pressure of removal of the ganglia 
of the paravertebral sympathetic chains, “total sympathectomy,” is however 
someAvhat different. I ha^m, in unpublished experiments, combined the two 
transthoracic and the transabdominal sympathectomies of total sympathectomy 
in dogs into one operation. Four survived two to seven days. Blood pres- 
sures were maintained between 40 and 86 mm. Hg. These values compare 
favorably with values observed in dogs immediately after cord section or cord 
destruction. Kemoval of the paravertebi'al chains and ganglia for chronic 
physiologic experiments is usually accomplished by employing three consecu- 
tive operations at intervals of several Aveeks.®® A loAvering of blood pressure 
occurs onl 3 ^ after the second or third operation. Restoration begins within a 
fcAv Aveeks of the last operation and reaches the preoperatiAm IcAml in an aAmr- 
age time of six months. It is thus CAddent that Avhile the presence of an intact 
paraAmrtebral sympathetic chain, AAuth its ganglia and postganglionic connec- 
tions, facilitates prompt restoration of near normal blood pressure values and 
of peripheral resistance of the body as a Avhole, the absence of the paravertebral 
ganglia delaj^s recovery until sympathetic nerve regeneration maj^ occur. 

The exact nature of the influence exerted bj’' decentralized sympathetic 
ganglia upon the Amscular bed has not been demonstrated but may be discussed. 
Hennann, Morin, and ViaF® stated that thej"^ are inclined to belieAm that the 
sjnnpathetic ganglia manage extramedullaiy A'asomotor tone but they stated 
that their opinion concerning the action of the ganglia is not certain. Origin in 
sympathetic ganglia of automatic actiA'itA'^ has little physiologic basis and is not 
currentlj^ accepted. I believe, lioAvcA'er, that the experiments related here maj’- 
be explained bj^ the assumption that sympathetic ganglia are capable of modi- 
fying vascAilar tone bj' reflex aetiAmtion from stimuli that it maj-- reeeiAm from 
the A'ascular bed. LangAvortly^- has presented eAudence that the entire auto- 
nomic system, sjnnpathetic and parasjTiipathetic alike, is influenced to an impor- 
tant degree ly stimuli received from smooth muscle. He stated: “The auto- 
nomic sA’stem has been considered as purelj' a motor sj'stem, composed of pre- 
ganglionic and postganglionic neurons. HoAA-eA'er, it is influenced Iw sensory 
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impulses originating in the smooth muscle and glandular tissues, so that it 
operates on the basis of segmental i*eflex arcs. The normal function of smooth 
muscle is dependent on proprioceptive stimuli from tlie muscle itself. The 
autonomic fibers are also subject to control from all levels of the central nerv- 
ous system, including the motor cortex.” 

Decentralized sympathetic ganglia may also be stimulated directly by 
humoral agents. This would influence the tone of the vascular bed supplied 
by its postganglionic fibers. Cannon and Rosenbleuth”® have demonstrated 
that acetylcholine has a much grcfiter elfcct in stimulating the superior cervi- 
cal sympathetic ganglion chronically deprived of its preganglionic innervation 
than the superior cervical ganglion acutely denervated. Burn*'’'' has reviewed 
the relation of adrenalin to acetylcholine in the nervous .system and the rela- 
tion of both to the function of sympathetic ganglia. 

Abnormal Spasm of the Peripheral Vascular Bed . — Many of the limitations 
of sjTnpathectomy discu.ssed here have related to the circumstances encountered 
in relatively normal blood ve.ssels. The occurrence of abnormal local spasm 
of the vascular bed in Raynaud’s disease has interested surgeons since the 
report of Adson and Brown'° that .sjmipatheetomy afforded relief, Lewis’"” 
observed the development of skin discoloration associated with local cooling, 
and the effect of local heating of the hands of patients with Rajniaud’s disease. 
He demonstrated that the spasm may occur as a local fault not related to 
abnormal vasoconstrictor tone. Postganglionic sympathectomy effected by 
blocking the ulnar nei’ve with nocoeain improved discoloration already present 
only partially and partially retarded the subsequent development of local 
blood vessel spasm. Oecm-rence of .some degree of spasm in patients after pre- 
or postganglionic sympathetic denervation is a common observation. Sym- 
pathectomy in this form of va.Sospastic disease is then limited both by mecha- 
nisms controlling the normal vascular bed and by a superimposed local abnor- 
mality of the blood vessels. 


CLINICAL INTERPRETATION 

Partial or complete excision or decentralization of the ganglionated para- 
vertebral sympathetic chain may effect vaiying degrees of relaxation of the 
smooth muscle of blood vessels and some increase of circulation. It does not 
effect complete relaxation of blood vessels or gi’eat increase of blood flow. 
The vasomotor fibers of the sympathetic nervous system are largely the effer- 
ent pathways of a complex proprioceptive mechanism that regulates or modu- 
lates the peripheral resistance but is not responsible for its maintenance. The 
therapeutic effect of interruption of these efferent sympathetic pathways for 
disease is limited by the factors just reviewed that are responsible for the 
maintenance in denervated blood vessels of tone and control. The most im- 
portant of these factors is the inherent abilitj^ of smooth muscle to maintain 
an independent tone. Another important factor is the ability of these muscles 
to respond to humoral substances such as adrenalin, acetylcholine, and angio- 
tonin, or hypertensin, to products of tissue metabolism such as lactic acid. 
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carbon dioxide, and histamine, and to changes of tempei'ature. Blood vessels 
may be to some extent under extra sympathetic nervous control or, if the 
denervation be preganglionic, under reflex or otlier restraining control through 
the isolated ganglia. Late after sympathectomy, preganglionic nerve regenera- 
tion through isolated ganglia or postganglionic nerve regeneration from cells 
central to the operative defect may oecm\ 

Eegardless of these and the other limiting factors that have been reviewed, 
temporary or permanent interruption of the sympathetic pathways accom- 
plishes certain therapeutic benefits for patients with many disease processes. 
The greatest benefits are achieved in disease processes associated with a dis- 
turbance of the proprioceptive regulatory function of the sympathetic nervous 
sj'^stem. An example of the encouraging results that may be obtained in pa- 
tients with a central disturbance of the reflex proprioceptive mechanism is 
afforded by the effectiveness of sympathectomy in patients with a neurogenic 
variety of hypertension.’®- An example of the results in patients with a pe- 
ripheral disturbance of the reflex proprioceptive regulation is afforded by the 
effectiveness of sympathetic block in relieving the spasm of collateral vessels 
that develops after extensive vascular injury or arterial embolism. There are, 
however, not many disease processes that can originate as abnormal central or 
reflex sympathetic vasoconstriction. 

Sympathectomy may also benefit patients with conditions such as Ray- 
naud's disease, scleroderma, thromboangiitis obliterans, and arteriosclerotic 
vascular occlusion that evidently are not initiated by excess sympathetic tone. 
Benefits in patients with these conditions may be largely related to increase 
of the temperature of the extremity, to a slight improvement of circulation, 
and to elimination by the sympathectomy of the constant fluctuations of tone 
that are ordinarily induced by the vasomotor nerves. It is common observa- 
tion that treatment of peripheral vascular diseases by sympathectomy is more 
satisfactory in the legs than in the arms. There seems to be evidence that the 
legs, because of their dependent position, are more actively influenced by sym- 
pathetic vasomotor tone of proprioceptive origin. Sympathectomy may then 
effect its greater benefit to the legs by interrupting this tone and also by intro- 
ducing, during changes of posture, an uncompensated passive vascular exercise. 

Surgeons have not agreed upon the form of sympathectomy that should 
be employed for peripheral vascular disease of the extremities. It seems to 
me that the sympathectomy should be a radical ganglionectomy to minimize 
nerve regeneration and to eliminate any buffering or reflex control that might 
be afforded by decentralized ganglia. It also seems that the “adrenalin sen- 
sitization” phenomenon, upon which the preganglionic type of sympathectomy 
is based, is not sufficiently important clinically to warrant risking regeneration. 
Both a ganglionectomy and a preganglionic sympathectomy “sensitize” blood 
vessels to adrenalin. I employ preganglionic sjnnpathectomy only in instances of 
disease of one arm since a unilateral Horner's syndrome may be objectionable. 

Special problems have become important clinically as sympathectomy has 
been extended for the treatment of hypertension to include part or all of the 
trunk and the viscera as ■well as the extremities. These have been reviewed. 
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It seems impoi'tant that there are sympathetic vasodilator pathways to muscle 
and to many of the viscera. Circulation through organs i?reponderantly sup- 
plied bj’ vasodilators will not be improved as much as it will in those pre- 
ponderantly supplied b.v vasoconstrictors. Clinical studies have demonstrated 
that although the circulation of an extremity alone may be increased by re- 
gional sjmipathectomy, the over-all circulation of the entire body after sub- 
total to total sympathectomy is, as evidenced by the cardiac output, someAvhat 
decreased. 

Clinical experience with the treatment of hypertension seems to indicate 
that elimination of abnormal reflex vasoconstrictor tone of central origin more 
effectively reduces blood pi’cssure as sjnnpatheetomj' of the body is made more 
and more complete. The splanchnic area, including the kidneys and the ad- 
renal glands, does not seem to be more important than other large vascular 
areas of the body.'*'’’ E.xtensive s.vmpathectomy also interferes with normal 
reflex adjustments of vasoconstrictor tone that occur with changes of position 
of the body. Difficulties with postui’al hypotension seem to be greater when 
denervation is directed toward the dependent half of the body, as it is in the 
techniques used for splanchnieectomy, than wlien it is directed toward the 
upper three-quarters or all of the body as it is with the subtotal to total para-, 
vertebral sympathectomy. 

The physiologic and anatomic changes effected by I’egional or extensive 
sympathectomy are complex. Experimental investigation has conti’ibuted val- 
uable information but has not solved all of the problems. The surgeon si ill 
has difficulty determining the indications for and the results of various pro- 
cedures. The value of the novocain block as a prognostic procedure is ques- 
tionable since it effects an acute change of circulation and does not represent 
the conditions that will maintain several days, months, oi- years, after a sym- 
pathectomy. It does not indicate the long-term influence upon a chronic 
peripheral vascular disease process that may result from elimination by sym- 
pathectomy of central proprioceptive influences. Similarly evaluation of the 
late result of a sympathectomy may be difficult and easily misjudged because 
of enthusiasm. Fortunately, sympathectomy is a relatively safe surgical pro- 
cedure if detailed general examination of the patient demonsti'ates no contra- 
indication. It remains a valuable adjunct to the conservative treatment of 
peripheral vascular disease. 
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"The ophthalmic division is most frequently involved in trigeminal neuralgia. The 

supra-orbital branch is particularly affected. The ophthalmic or 

first division is less frequently involved by tic douloureux than either the second or third. 
Tlie third is most commonly affected.” 

An e.xtensive bibliography of 1718 references grouped alphabetically is listed at the 
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Announcement 

Urology Award 

The American Urological Association offers an annual award “not to exceed $500“ for 
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urology. The amount of the prize is based on the merits of the work presented, and if the 
Committee on Scientific Research deems none of the offerings worthy, no award will be made. 
Competitors shall be limited to residents in urology in recognized hospitals and to urologists 
who have been in such specific practice for not more than five years. All interested should 
write the secretary, for full particulars. 

The selected essay (or essa 3 's) will appear on the program of the forthcoming meeting 
of the American Urological Association, to be held at the Netherland Plaza, Cincinnati, Ohio, 
July 22 to 25, 1946. 

Essaj’s must be in the hands of the secretary, Dr. Thomas D. Moore, 899 Madison 
Avenue, Memphis, Tenn., on or before Julj- 1, 1946. 
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usefulness to all of mankind. The lou'er mortality rates (and .shortened mor- 
hidity) of this era eventuate fi'om manj' factors, for today’s doctor is not only 
a better operator, but he takes better care of his patients and i.s, therefore, a 
better surgeon. At least partial solution of the pi'oblems of hydi’ation, elec- 
trolyte balance, hemodynamics in shock, intestinal obstruction, and nutrition, 
among others, are responsible for this iinpi'oved management of surgical cases. 

In all these fields progre.ss has been disproportionately advanced com- 
pared with the accomplishments in the dietary care of surgical patients. And. 
whereas a host of investigators have been concerned with these other complex 
tasks, a rather small group has dealt with nutritional care. This universal 
widespread lack of inquisitiveness is unfortunate since more frequently than 
seems to be appreciated, patients, ill with diseases remediable by .surgery, pres- 
ent mild to severe states of starvation or malnutrition. A condition of mar- 
ginal nutritional imbalance, it appear.s, may bo i)resent in an individual for 
a prolonged period before the onset of another illne.ss, either of a .seeondary 
or unrelated nature. The hodilj' requirements are thereby augmonted above 
the patient’s limited intake, thus making the real need acutely manifest for 
the first time. There is a broad zone existing between optimal nutrition and 
classical deficiency states in which abide many boi-derline cases of unsatis- 
factory dietary management and/or inadequate food intake. Alertness is 
necessary, therefore, to deteef not only tho.se cases in which the patients are 
subsisting on manifestly deficient diets but also the imstances of occult in- 
anition. During such semi- or starvation states, in both man and animals, 
survival is at the expense of bodily substance. jMan has the capacity to exist 
in this autoeannibalistic predicament for prolonged periods deriving his caloric 
needs partially or wholly from his own tissues. Dui-ing this interval, though 
sustained, he suffei-s from the compound evils of a diet low in protein content 
and with the majority of its calories 'derived from fat. If jirolonged, this 
utilization of a high fat diet, low in calories, simulating as it does so closely 
experimental conditions in animals, evokes detectable evidence of hepatic, 
dysfunction and hypoprotciuemia. Clinical experience has shown that particu- 
larly in such cases in man, extensive, prolonged surgical manipulations are 
poorly tolerated, and occasionally .such individuals react unfavorably to rela- 
tively minor procedures. They exhibit an instability of blood pressure, dis 
proportionate to any actual hemorrhage during the operation, which responds 
unsatisfactorily, often, even to transfusions of blood and plasma. During the 
convalescence the vitality seeps steadily away despite the employment of a 
variety of therapeutic measures, and, whereas, the pathologist may seem to 
offer exoneration with the finding of bronchopneumonia or beginning heart 
failure, in reality the issue was unfaA'orably settled when the decision was 
made to oijerate upon an ill-nourished individual. The fatty liver and hepatic 
dysfunction developing in such instances and responsible, at least in part, for 
such tragedies are problems whose significance and remedy are unquestionably 
of great surgical importance. 

Cases 1 and 2 are appended to illustrate just these points and are fairly 
typical recordings of the tragic sequence of events in patients Avho have suf- 
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fered <a large recent 'weight loss and then- had a major operation without ade- 
quate provision for nutritional rehabilitation. 

Case 1 (No. 703974). — S. D., nged 47 j'cars, -^vns operated upon elsewhere for an in- 
carcerated ventral hernia which was reduced and repaired; but one month after returning 
home, a second operation was performed by the local doctor to relieve a recurrent intesti- 
nal obstruction. Recovery was .slow and incomplete, so that the patient still had signs, 
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and ■was suffering from attacks, of intestinal obstruction at tlie time of lier transfer to 
this hospital. During this interval the patient had lost inucli -^veight and had been eating 
irregularly and in small amounts. Soon after admission, physical sjTnptoms and signs plus 
x-ray findings of acute small boivel obstruction, of the incomplete and nonstrangulating 
variety, were present. This condition was treated with intestinal siphonage maintained 
about two weeks and until shortlj’ before siirgerj". Whereas electrolyte, fluid, and hemo- 
globin values were controlled by the appropriate intravenous and subcutaneous therapy, 
little attention was accorded the protein and caloric requirements. The patient lost an 
additional 5.4 kilograms after admission and prior to surgery. At the time of operation a 
partial enterectomy and colectomy were performed to remove the sites of obstruction. 
During this procedure wide fluctuations in the blood pressure and pulse were noted. The 
blood pressure was unstable, out of all proportion to the actual blood loss. There was u 
steady reduction in pulse pressure as can be noted in Pig. 1, despite liberal transfusions 
with blood and plasma during the operation. In the immediate days postoperative the 



Fig. 2. — Photomicrograph of a section from tlie liver (Case 1). 


pulse rate remained high and the blood pressure exhibited a great lability and a distressing 
tendency to fall to shock levels. The patient deteriorated steadily and died eleven days 
later with a temperature of 108° P. The pathologic report was: (1) hepatic insuflSciency 
with marked fatty metamorphosis of the liver (marked degree of this change reproduced 
in the photomicrograph shown in Pig. 2), (2) jaundice on basis of liver damage, (3) con- 
gestive heart failure, (4) pulmonary edema, (5) bilateral hydrothorax and ascites, (6) 
cloudy swelling of kidneys, and (7) evidence of recent abdominal operation on small and 
large intestine. 

Case 2 (No. 711332). — E. P., aged 71 years, had, in the five months prior to admission, 
noticed epigastric distress and fullness, occasional bouts of vomiting, and increasing fa- 
tigability, and a fifty -pound weight loss, representing 33 per cent of her total body avoirdu- 
pois. The x-ray diagnosis was carcinoma of the stomach. She received plasma, amino 
acids, and glucose for four days in a quantity sufficient to yield about 1,000 calories and 
was given also a full liquid diet by mouth. Some of the latter was removed bj" daily 
gastric aspiration. A subtotal gastric resection was performed after the four days prep- 



VARCO: PREOPERATIVE DIETARY MANAGEMENT 


307 


aration had restored electrolytes, li 3 -dration, and hemoglobin to normal values. During the 
operation, and persistentlj’ afterward, as shomi in Fig. 3, the blood pressure displa 3 'ed a 
tendency to fall, the pulse was consistentl 3 ' rapid, and the pulse pressure was reduced. 
These conditions prevailed despite generous repeated transfusions of blood and plasma 
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during and after the operation. Slio died on the third po.stoperative day, Tlte jjatliologic 
report was: (1) moderate amount of vacuolated liver cord colls cliaracteri.stic of dissolved 
fat, congestion and atrophy of parenchyma also noted (some of these findings apparent in 
the photomicrograph, Fig. 4); (2) some congestion and pntciiy atelectasis of the lungs; 
(3) evidence of recent abdominal operation with gastric resection. 



Fig. 4. — rhotomicrograph of a section from tlie liver (Ca.se 2). 


Other ease liistories of this general type could be recorded, and their oc- 
currence within a relatively brief interval .served to focus attention upon the 
inadequacy of the dietary preoperative preparation in such instances. Since 
the development of a more formal dietary management and with the applica- 
tion of other methods of nutritional pi-eparation outlined in the text of this 
essay, many patients ivith fveight loss in excess of that reported in cases 1 
and 2 have been suece.ssfu]l3- carried through coiTC.spondingly major operation.s, 

JIORE SPECIFIC STATEMENT OF THE PROBLEM 

This study is essentially a clinical investigation. The selected critical 
control expei'iments, wdiieh can be undertaken by the investigator iiroseciiting 
his researches in the laboratory, are not, therefore, available in tliis study. 
Proof of the thesis that adequate nutritional preparation of the patient is »» 
item of the greatest consequence must, therefore, rest on the accomplishment 
of what can be achieved through its employment, especially with reference to 
an earlier experience Avhen surgeons were content to hydi’ate their patients 
adequately, restore eleetroljTe balance, and adjust the hemoglobin values by 
transfusions. In a sense, the results have been so gratifying that one may 
say with a feeling of confidence that, granted adequate nutritional preopera- 
tive pi'eparation, in experienced and practiced hands very few patients will 
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have to be denied operation on the score that they are too poor risks for op- 
eration. In other words, the essence of this thesis is that a satisfactory nutri- 
tional preparation’ of the patient will extend the benefits of .surgery to a group 
of patients who iii the past frequently h.Tve been denied surgery, on the basis 
that they were too”' poor risks. Furthermore, extension niaj’^ be made without 
pyramiding the risks very much beyond that accepted for the standard-risk 
patient for a similar procedure. AVhen, during an ever-broadening experience 
and with an improved orientation in the problem, the benefits of preoperative 
dietai’y preparation for the poor-risk patients became so apparent, it seemed 
reasonable to appl}' similar 'methods in a variety of less serious conditions. 

In this clinical studjq the onlj’^ criterion for the establishment of a satis- 
factory objective test of the extent and length of the necessary preoperative 
nutritional preparation has been the trial and ei’ror method. The percentile 
loss of body weight has served as a satisfactory base line from -which to pi'o- 
ject the length and extent of the pi-eoperative preparation. It is admitted 
that critical controlled experiments in animals, on this score, would probably 
be helpful to establish more precisely the length of the necessary period of 
preoperative preparation. At the same time, however, it must be conceded 
that results obtained from such a study would necessitate quantitative recon- 
siderations in the light of species differences and disparities in body size. 
Fowler and Barer^ noted that among 105 donors an average interval of 49.6 
days was required for the blood hemoglobin value to return to normal after a 
single donation averaging 550 c.e., and 25 per cent needed nine weeks. Pro- 
vision for ample iron in the diet shortened this interval somewhat. Studies on 
dogs bled repeatedly furnish quite different rates.- They are capable of re- 
generation from a severely anemic to a normal status within two weeks after 
cessation of the hemorrhaging procedure. The hemoglobin rise in these dogs 
was 5 to 6 Gm. per cent in two -weeks, Avhile man needed nearly 50 days to 
correct a 2 to 3 Gm. per cent deficit. 

The interest of the surgeon in the nutritional aspects of patient care 
relates primarily, therefore, to patients Avith conditions remediable by surgery 
who have lost considerable Aveight, occasioned by the ravages of the disease or 
Avho, for one reason or another, present a nutritional deficiency. It is proposed 
to indicate that it is hazardous to subject patients Avho haA'e sustained large 
Aveight losses to formidable operatiA’^e procedures after mere restoration of 
Avater and electrolyte equilibrium and concurrent adjustment of the hemo- 
globin to a satisfactory value. It is proposed further to indicate that such 
patients may be prepared satisfactorily for opei-ation by a feeding of a high 
protein, high carbohydrate, low fat diet. It is proposed to indicate Avhat the 
natAire of the disability is that constitutes the operative hazard in these pa- 
tients. Further, the character of satisfactory dietary preparation Avill be dis- 
cussed including suggestions for diets Avhich meet adequately the demands of 
the preoperative nutritional preparation of the patient Avho has sustained a 
large loss in body Aveight. It is proposed to indicate that folloAving satisfac- 
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tory nutritional preoperative preparation, patients Avlio ordinarily are re- 
garded as poor operative risks may undergo formal operations of magnitude 
without running risks far out of line with those borne by the standard good- 
risk patient. In addition to presenting the nutritional problems of the patient 
who has sustained a large weight loss, it is proposed further to consider the 
special problems of nutritional preparation of sv\rgical patients with high- 
grade obstruction at the gastroduodenal opening. The problem of meeting 
the caloric needs and of preparing nutritionally those patients unable to re- 
ceive nourishment other than by the parenteral I'oute is to be discussed. The 
problem presented by bleeding ulcers of stomach and duodenum, Avith and 
Avithout obstruction, and in the younger and older age brackets, is to be dealt 
Avith in this presentation. Suggestions are to be offered for the nutritional 
management of patients Avith disease of the biliary system, especially cases 
Avith common duct stone or stricture, or carcinoma of the ampulla or bead of 
the pancreas. The nutritional aspects of a variety of conditions including 
Ivj^ertbyroidism, burns, empyemas, osteomyelitis and other suppurative foci, 
esophageal lesions (carcinoma or diA'erticulum), and neoplasms of colon and 
rectum Avill be considered. Dietary preparation for surgery in the rarer con- 
ditions of gastrojejunocolic fistula, regional enteritis, and ulcerative colitis 
Avill be mentioned. 

AN EXAMINATION OF CERTAIN ASPECT.S OF RELATED LITERATURE 

Prior to experiments by Bernard^ in 1848 indicating that the liver could 
manufacture sugar Avben no sugar Avas present in the diet, it Avas the prevailing 
consensus bixlAvarked by the opinion of the famous coutemporai'y chemist, Jean 
Baptiste Dumas, that man, unlike plants, had no ability to synthesize bodily 
fats, proteins, or sugar from those in the diet. Bernard and BarresAviP ex- 
hibited to the French Academy of Sciences alcohol obtained from sugar, of 
hepatic origin, by fermentation AA'ith yeast. The animal had been fed on meat 
exclusively and this example refuted, therefore, the hypothesis sponsored by 
Dumas. In subsequent experiments'*'''* it Avas sboAvn that an “animal sugar- 
forming substance” (substance animale glycogene) Avas present in the lixer 
and Avas converted to sugar on standing—a material that he later isolated in 
pure form and Avhieh is knoAvn today as glycogen. This Avas found to be 
identifiable in certain liver cells by virtue of a Avine red color-staining reaction 
Avith iodine.* He also noted during experiments involving the livers of ani- 
mals in various conditions of nutrition and health that this substance AA'as 
present in lessened amounts in starvation states. Glycogen bad been inde- 
pendently isolated one year prior to Bernard’s classical experiments by 
Hensen.'- Bernard’s theory, in the main, is essentially accepted today by 
modern physiologists, namely, that carbohydrates incoming Aua portal blood 
are stoi-ed in the liver as glycogen, released to the blood as glucose, and are 
ultimately metabolized to carbon dioxide and Avater. During the ensuing tAVO 

•Bock and Hoffman” observed that liver glycogen was stainable with Lugol’s solution 
for visualization under the microscope, and is more prominent about central liver cells ana 
.scant or absent about the peripherj'. 
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decades after the discovery of glycogen by Hensen and Bernard, the subject 
attracted the attention of man}’’ -workers, both pathologists and physiologists, 
and. there was general agreement that the state of nutrition was the chief 
factor determining its presence or absence. In prolonged starvation it would 
nearly or completely disappear from liver of rabbits, dogs, guinea pigs, hens, 
and other animals and fowl. Contrarily, an abundanee was present when the 
animal’s diet consisted of a plentiful supply of nitrogenous substances and/or 
carbohydrate. AYolifberg” pointed out the significant fact that when the 
amount of sugar in the diet remains the same, but increased quantities of dried 
and pulverized flesh (protein) are fed, the glycogen eontent of the liver is 
augmented. In addition, AVolffberg,*^ Naunyn,’^ and V. Mering^® observed an 
accumulation of glycogen in the liver after an “albuminous” diet, one rela- 
tively free from carbohydi’ate. It was appreciated that the ability of the liver 
to produce glycogen was dependent on the integrity and the normalcy of the 
hepatic substance, and that, therefore, a smaller amount would be, and was, 
present in conditions interfering with the parenchj’rna, as occurs in fatty livers. 
This was most mai’ked -where the fat eontent had increased at the expense of 
the protein component. SaikoAvsky^® Avas unable to find glycogen in livers 
AAuth fatty degeneration developing after phosphorus or arsenic poisoning. 
This may have been related in part to the often poor nutrition of such ani- 
mals. Manassein^’ found the hepatic glycogen content Ioav in febrile states 
AA’here catabolic processes are accelerated. The anorexia associated with such 
states customarily leads to a depressed, rather than eleA’-ated, caloric intake, 
so that one could conceive of this representing a form of relative starvation. 

Cohnheim^® noted extensive fatty changes in the chronic Avasting diseases as 
carcinoma, intestinal tuberculosis, and dysenteries. Fatty livex’s Avere com- 
mented on in noting these changes cA^en in people without fat depots in the 
pannieulus adiposus, mesenteric and omental fat; all depots of fat had disap- 
peared but the fatty liver Avas still present. He felt these Avere true “fatty 
atrophies,” that is “. . . the albuminous contents of the affected elements are 
diminished and partly replaced by fat. ...” “Fat can and Avill be pi’oduced 
at the expense of the albumin of the tissue elements — but this represents a 
proportionate loss of functioning substances.” He also commented that this 
effect can be completely neutralized and effaced Avith restoration of tissue 
albumin content, the appi-opi-iate remedial measure, but Avhere it is alloAved to 
persist, it is the beginning of the cellular and functional end. Afanassierv'’® 
presented an excellent experimental study of the problem Aidth many enlight- 
ening observations concei’ning the effects of altei’ations of the diet on the 
macro- and microscopic appeai’ance of the liA’-er in dogs. In starvation there 
was noted a decx-ease in cell and nuclear size, Aidth the major component of this 
decrement taking place at the expense of the protein-staining material, and 
the minor portion accountable by disappeai’ance of some glycogen. Specimens 
removed after this period of starvation possessed, therefore, an increase in the 
number of fat droplets AA'ithin the pax-enclijuna. If a normal animal Avere fed 
on sugar or potatoes, pi’eponderantly a carbohydrate diet, the glycogen content 
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of the liver cells increased but the alteration in eell size was not pronounced. 
Sustentation with blood fibrin did lead to an actual increase in cell dimensions, 
but with little attendant glycojjcn deposition. Alimentation with a diet almost 
wholly meat produced the larse.st hepatic cells and they contained the most 
material taking the stain for proteins. The cellular size alteration with the 
quality of the food ingested (carbohydrate or protein) was reflected in the 
liver/body weight ratios. In states of .starvation this fell to as low as 1:41, 
whereas, in animals nurtured on a meat diet it rose to 1 :18. The values obtained 
on the carbohydrate and fibrin diets were intermediate. Atrophy and hyper- 
trophy of hepatic substance in i'e.sponse to dietary influences are apparently here 
demonstrated for the first time; the significance of this rather neglected phe- 
nomenon can hardly be overemjihasizcd. 

In the midst of a long and classical paper on glycogen, Pfliiger-'’ stated 
that from his observations of the livers of animals maintained upon high pro- 
tein diets, he was convinced that the liver is an organ for .storage of both 
protein and glycogen. Xo experiments are cited, and the conclusion appears 
to arise from personal observtaions. 

Seitz,®' a student of Pfliiger, did perform probably the first crucial experi- 
ments to test his theory and showed that in ducks and chickens maintained 
upon high protein diets there was real enlargement of the liver and increase 
in its nitrogen content. Tichmeneff®® completed an even more convincing bit 
of work in experiments on mice where he found even an increase in protein 
content of hepatic substance as determined by aii increase in the tannic acid 
precipitable fraction. 

Luck®® stated that each one of the four fractional protein components of 
liver increased with the alteration from a low protein to high protein diet. This 
inei’ease was in the order of magnitude of from 50 to 60 per cent. He believed 
that this was explicable, on the basis of his expeidments, as both a hypertrophy 
and a hyperplasia with an actual increase in protein content per unit weight 
of tissue. All the liver proteins appeared to participate freely in the storage 
fuiretion. 

As suggested previously, hepatotoxins other than starvation ai’e capable 
of effecting gross histologic and functional changes in this organ. The agent 
most extensively studied by inve.stigators has been chloroform. This has prob- 
ably been related to the gratifying reproducibility of the experimental con- 
ditions and results, the correlation between duration of anesthesia (or more 
quantitatively expre.ssed as the amount of the drug ingested) and the patho- 
logic findings under controlled conditions, and finallj’- to the experimentally 
induced situations which mirror so closely the disastrous clinical counterpart 
met with occasionally in patients anesthetized with chloroform. Casper in 
1850, soon after introduction of the drug as a general anesthetic, associated 
the possibility of death some time after its use, with a delayed action of chloro- 
form, X'othnagel in 1866 related evidence to show that chloroform might pro- 
duce fatty changes in the liver. Case reports then appeared in the literature 
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suggesting that this clnig was responsible for dcatli as a delayed manifestation 
of its toxicity, in distinction to its recognized capacity for producing cardiac 
arrest during the period of any administration. Rosenbaum,"'' while investi- 
gating a number of agents injurious to the liver, found a depletion of hepatic 
glycogen after chloroform anesthesia. Rosenfeld"''’""® demonstrated that ani- 
mals fed on carbohydrate Avere, in the main, less susceptible to all those drugs 
producing fat accumulations in the liver. Il was his contention that after such 
a poisoning (chloroform) the capacity of the liver for either protein or fat 
metabolism was more seriously impaired than for carbohydrates. The injured 
Ihmr cells he felt could utilize carbohj’^drate, but Avith this constituent exhausted, 
the cells starved and exhibited obvious damage. The body in its futile attempt 
to use fat ultimately led to the local depo.sition, encountered under such cir- 
cumstances, in the liver. Finally, he thought that the detoxifying capacity 
(entgiftenden fahigkeit) of the liver Avas positively correlated Avith its glyco- 
gen content. Beddard"” grasped the significance of this biologic information 
and translated the suggestions into clinical therapy. At that time anesthetization 
AAUth chloroform Avas in common use among English surgeons. He counseled 
before surgeiy, and especially Avhere there Avas the possibility of hepatic 
glycogen depletion, as in the case of “rickety or ill-nourished children,” that 
the .diet include excess amounts of carbohydrates. It is difficult to unde, tand 
hoAv such an intelligent analysis of the similarity betAveen animal expeidmcnth+jon 
and observations in man could have been so generally ignored by the healing ptby 
fession. ‘Wells'”’ studied in detail the clinical findings, gross and microscopic’ 
anatomic changes, and chemical alterations in a fatal case of delayed chloro- 
form poisoning. Among other considerations he emphasized the presence of 
an increased percentage of fat in the Ih'er. It Aims his suggestion that as in the 
Meyer-Overton theory of anesthesia, the lipids of the liver take up the chloro- 
form, Avhich acting as a cell toxin interferes Avith normal functions. The 
amount of chloroform AvithdraAvn from the blood, he hypothecated, Avould be 
proportional to the hepatic fat content, and therefore Avhen increased amounts 
of fat Avere present the greater AAmuld be the eellular intoxication. Opie and 
Alford^'’"® resumed the attack on the problem from the nutritional sector. Em- 
ploying Avhite rats, poisoned Avith accurately measured amounts of chloroform, 
they studied the effects of qualitatiA’e alterations in the diet upon the mortality 
rate and found those animals fed a high carbohydrate mixture acquired a sig- 
nificant-degree of protection. A meat diet Avas less effectual and Avhere the 
diet Avas largely fat, all animals died under the conditions of the experiment. 
Any diet including fat in the caloric content immediately raised the mortality 
rate for that group. Whipple and Speed®' found Avhile studying the effect on 
liver function of thei-apeutic doses of a group of anesthetics and narcotics that 
all AA'ere capable of producing demonsti-able evidence of impaii-ed liver function 
as measured by a dye-clearance technique. Chloroform Avas noted to produce the 
most severely depressed function in the group Avhere ether, alcohol, paralde- 
hyde. chloral, and urethane Avere also studied. In an earlier inA'estigation. 
Whipple®® had been able to produce regularly. A\dth chloroform anesthesia, a 
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necrosis of the central portion of each hepatic lobule in dogs, roughly propor- 
tional to quantity of the drug administered, as had other workers, but was 
surprised to note the frequent absence of such phenomena in the fetuses of 
pregnant dogs exposed to chloroform. This protection seemed to last about 
three weeks, and ably protected animals exposed to chloroform anesthesia at 
any time during this interval. A hyperglycemia with both ether and chloro- 
form anesthesia Avas recorded, and this was a.ssociated Avith a reduction in 
hepatic glycogen. Graham^®’ sought the cause of this increased safety to 
chloroform anesthesia during the neonatal period and related it to the abnor- 
mally high glycogen content of the puppy liver compared to .standard values 
for adult dogs, a value AA'hieh spontaneously falls to a normal one in about 
three AA-eeks after birth. He secured evidence favoi'ing this concept, by pro- 
ducing a postchloroform hepatic necrosis resembling that of adult dogs among 
puppies Avho had had their glycogen stores depleted by starA'ation or 
phlorizination. Under these cireum.stances the increased resistance to the 
drug AA-as no longer present. Four papers by DaA-is and AXGiipple, and DaA'is, 
Hall, and TiTiipple®®**^ shifted the emphasis from the beneficial effects ascribed 
to an increased eai-bohydrate intake and an augmented hepatic glycogen con- 
tent to the role of protein in protecting the liA'er exposed to chloroform. This 


origi ^ity of approach to the problem of hepatic damage, including methods, 
idea /and food substances tested is clearly set forth in these papers by the 
"Wimple group — papers that merit the distinction and respect due all classics, 
Jj<xl much credit is similarly due EaA'din and his associates for initiating the 
clinical application of this fundamental knoAvledge. The experiments per- 


formed Avere numerous, the re.sults and conclusions often unequivocal and self- 


interpreting, Only a fcAv of the observations that seem most pertinent are to 


be cited : 


1. Starvation materially increased the susceptibility of animals to chloro- 
form. “A maximal injury is to be expected.” 

2. Sugar or richly carbohydrate diets, skimmed milk alone, commercial 
casein alone, or in combinations A\'ith a cracker meal, fed but a fcAV preanes- 
thetic days to the animals furnished maximal protection to the liA-er. An acid 
digest of casein administered a fcAV minutes prior to the exposure to chloroform 
Ampors appeared to offer some protection. Proteins from gelatin, heart, and 
skeletal muscle had only slight protective action. 

3. They clearly stated, “The hypothesis that gl 3 "cogen protects the liver 
cell against the injuiy of chloroform aaoII not explain all the obsei’ved facts,” 
and concluded that other factors must plaj' a role. 

4. The benefits from carbohydrate in the diet during the repair of hepatic 
injurj^ due to chloroform accrue from the protein-sparing action of the carbo- 
hy^drate, by virtue of ' ‘ conservation of protein split products. ’ ’ 

5. A diet of bread and skimmed milk evoked the optimum repair after a 
standard amount of chloroform injury. Other diets of cooked muscle or 
organs Avere less efficacious. Diets of fat, offered no assistance (more than aams 
present during starvation) to liver regeneration. 
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Interesting speculations are initiated by a rather detailed perusal of the 
appended protocols and discussions. There was a tendency to flabby clot 
formation and even prolonged bleeding from biopsy sites. Doyon"*^’ had 
noted earlier a similar phenomenon after chloroform anesthesia. Whipple and 
Hurwitz^® demonstrated that there was an impairment or cessation of fibrino- 
gen formation bj' the liver after injui'y with chloroform. Brinkhous and 
Warner^^ were to complete the explanation thirty years later in terms of h 3 "po- 
prothrombinemia ensuing after chloroform anesthesia, a hypoprothrombinemia 
which fails to respond to vitamin K until the hepatic parenchj^ma has recovered. 
In addition, it was noted b 5 ’’ Davis and Whipple that after celiotom.^^ for liver 
biopsy there was often an impaired wound healing associated with the experi- 
ments employing limited diets. This occurrence probablj^ was related both to 
deficient plasma proteins and to inadequate vitamin C intakes. A more complete 
handling of this aspect of the nutritional problem will be considered later. If 
the calories and composition of the diets of Davis and Whipple had been cal- 
culated, then been made both ample and isoealoric, it would have quieted the 
valid objections certain to arise, fop a pai’t of the hepatic necrosis after chloro- 
form anesthesia appeared in animals on diets obviously inadequate calorically, 
and which hence might be expected to suffer in this situation by virtue of the 
inadequate nutrition, a factor known to influence most unfavorably the hepatic 
tolerance for this drug. 

Glycogen and protein appear, therefore, to potentiate natural hepatic re- 
sistance. The mechanisms responsible for this could be several .- 

1. Both substances are lipotropic, with glycogen less effective, and merely 
displacing fat already deposited. Protein actively removes fat from the liver 
parenchyma.^®'®® 

2. Each might restore materials vital for cellular metabolism, as for example 
in the specific sense of a detoxifying substance or as an as jmt unrecognized non- 
specific material.®^ Xanthine, or its sodium salt, was found to influence favor- 
ably the prevention of acute or chronic hepatic changes after exposure to the 
toxin carbon tetrachloride. Ravdin, Vare, and Goldschmidt®^ emplo 3 ''ed sodium 
xanthine and obtained some protection for the liver after chloroform anesthesia. 
Thej’' felt it was related to the local tissue reaction induced b.y this substance. 
Hepatic glycogen has been suggested as the source of the detoxifying compound 
glycuronic acid.®®'®® Miller, Ross, and Whipple®®’ ®®'' described a distinctly en- 
hanced protective action with methionine and c.ystine in dogs made hj'popro- 
teinemic, fed these amino acids, and then exposed to chloroform. It was their 
impression that this was a specific action related to the SH group, sulfj’-drjd 
radical, present in, and essential for, certain hepatic detoxification processes 
which tend to spare other enzymes, normallj’' present, associated with oxidation- 
reduction s.vstems in the liver cells, as glutathione for example. Chloroform maj^ 
be inactivated b.v these s.vstems which during the process exhaust the quantity of 
interacting compounds, particularly if partial depletion has obtained pre- 
viousty because of a deficiency state. This permits competition between chloro- 
form and normal respirator^' mechanisms therebj' interfering with the oxj'- 
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genution necessary to prevent hepatic necrosis and autolysis, or at least per- 
mitting a functional depression with the accumulation of bodily substances 
customarily eliminated and detoxified by the liver. Contrariiy, an excess of 
the sulfydryl groups, indispensable for the synthesis of the detoxifying prod- 
uct, can be brought about noth the addition of methionine or cy.stine to the 
diet, or more deviously, l)y feeding casein which contains these amino acids. 
lYith such a theoretical excess present the chloroform hazard actually, in ex- 
periments de.signed to test this concept, appeared nearly nullified. Beattie and 
i\Iarshall and associate.s--"'--- have sought to evaluate clinically methionine as a 
therapeutic aid in patients with liver damage from infective hepatitis and onedn- 
stance of carlmn tetrachloride poisoning. Tiie material was supplied to their pa- 
tient orally and intravenously. Even admitting the limitations imposed by the 
meager quantity of data availalile, since the results achieved were so favorable 
in the patients appropriately selected for such therapy, the perhaps premature 
surmise is hazarded that in the near future this amino acid is destined to as.sumc 
a truly vital role in the I’cstoration of function to livens damaged, through fatt.v 
metamorphosis or other hepatotoxins, but not destroyed as in advanced cirrho- 
sis and severe acute ati-ophy. 

3. Cflycogen by conversion to glucose could exert its well-known protein 
“sparing” action either at the source*-’ ” and thus reduce the amount of 
protein autolyzed or in a more pei’ipheral fashion and “spare” the conversion 
of amino acids to energy units, permitting a more liberal utilization in the 
normal anabolism. !More words than wisdom liave been written in frequent 
and occasionally bitter polemics which have attempted to resolve, either on 
paper or in the laboratory, these issues cited, into primary effects and con- 
tributing action. 

IMoise and Smith’’®’ found protein more effective than carbohydrate as a 
substance for inducing hepatic protection after exposure to chloroform, Gold- 
schmidt, Yars, and EaA'din®'’ then explored this possibility, namely, that the 
protein component of the diet is of more fundamental importance than the 
carbohydrate fraction in the development of hepatic protection against chloro- 
form aiiesthesia. They studied the effects of this drug on Avhite rats, “because 
of the ease of attainment of adequate maintenance and growth on diets pre- 
dominating in one or another of the foodstuffs,” and then fed several varia- 
tions of these diets to the animals, including those with A’ery high carbo- 
hydrate, mixed carbohydrate, protein and fat content, high protein low fat or 
high fat, and high fat Avithout protein. After a prolonged subsistence on the 
selected regimen the animals Avere exposed to chloroform vapors in a standard 
fashion and then sacrificed at the end of tAventy-fovAr hours. The livers Avere 
studied chemically for glycogen and fat, and microscopically for both these as 
Avell as the cytologic reactions of degeneration and necrosis. The authors 
Avisely refrain from sAveeping generalizations about these experiments but do 
propose the folloAving interpretations of the supplied data : 

1. Yfithin a constant range of hepatic lipid content, in animals on similar 
protein intakes, a high hepatic glycogen content per se fails to provide pro- 
tection. 
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2. Under their experimental conditions, a direct linear relationship exists 
between hepatic lipid content and the incidence and severity of the damage to 
the liver folloMnng chloroform anesthesia. 

3. This effect is independent of the glycogen content bnt can be attenn- 
ated by a previous feeding of a high protein diet, and obtains in instances of 
high hepatic lipid content. Conversely, starvation aggravates the damage nor- 
mally accomplished by a chloroform anesthesia, an effect additionally poten- 
tiated by a high lipid content in the liver of the starved animal. Casein, as in 
the experiments of Davis, Hall, and Whipple, ■*' was the protein selected to 
fortify these diets. Messinger and Hawkins”' confii'ined the work of Sehifrin,”“ 
who noted a minimizing of the arsphenamine injni’y to the liver in animals fed 
a protein as compared to a fat diet. Histologically, regeneration Avas more 
rapid and complete with the former. In addition, dogs on the high fat diet 
exhibiting manifest liver injury (elevated icterus index) and a reluctance to 
eat promptly displayed an improvement and regression of the hepatic dysfunc- 
tion when clianged to a high protein or carbohydrate diet. IMiller and Whipple”’ 
studied the effect of chloi'oform on animals made hypopioteinemic by iilasma- 
pheresis or diet and came to the conclusion that the severity of the injury to the 
liver in these dogs after such anesthesia paralleled the depletion of liver and 
body protein. Quite minimal insults from light chloroform anesthetization for 
short periods of time (fifteen to twenty minutes) were fatal to the majority 
of such canines, Avhile control animals tolerated ninety minutes of such ex- 
posure with but little liver injury. This enhanced susceptibility in the depleted 
dogs could be corrected, it appeared, at least in part, and at times completely, 
by a single large feeding of protein (meat) thirty-six hours prior to the anes- 
thesia. Dogs depleted of proteins by plasmapheresis uniformly gained some 
protection against liver damage Avhen nourished with a richly protein diet. 
They could not tolerate the same amount of chloroform as normals but con- 
valesced significantly superior to those depleted animals not so selectively 
alimented. 

There may be no satisfactory single explanation available, on the basis of 
our admittedly limited present knowledge, and assuredly it is difficult to ar- 
rive at the common denominator for the effects produced bj"^ chloroform anes- 
thesia in a liver Avith a high lipid concentration — actions Avhich are potentiated 
by starvation or hypoproteinemia, and inhibited either by a high hepatic pro- 
tein content or feeding before the exposure of a full protein dietary supple- 
ment. However, at the risk of indulging in OA'ersimplifieation, the impression 
exists that this phenomenon so intimately I’elated to cellular metabolism may 
be but a manifestation of anoxia. In partial support of this thesis is the recog- 
nition and general acceptance that chloroform interferes Avith oxidation — 
reduction potentials (Aude supra). Additionally, Goldschmidt, Eavdin, and 
Lucke”' found that vaporizing chloroform Avith oxygen rather than air de- 
creased the damage produced by this drug on the liver, and that this delete- 
rious action could be inhibited (by breathing high concentrations of oxygen) 
CA'en Avhere livers had a high lipid content. Schneedorf and Orr”’ found a 
depression of the liA^er function, bile formation, Avith anoxia and a prompt 
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return at an increased rate after the administration of 100 per cent oxj'gen. It 
might be predicted that since most of the blood coming to the liver has passed 
through a set of capillaries and is already venous, that as it traverses the 
second set, the oxygenation, being additionally reduced, is at a critical level 
and only a meager oxygen reserve remains available. Warren and Brannon®“ 
obtained blood directly from the hepatic veins in man and after measuring the 
oxygen content found it was loAver there than in samples obtained from the 
auricle. In addition, the situation is made CA'en more critical, and the toler- 
ances further reduced, because in this tissue with an, at best, low tension of 
the oxygen essential for anabolism, there exists according to Bradley®' the high- 
est rate of intracellular proteolj^sis (catabolism). This contention is clearly 
substantiated by the experiments of Addis, Poo, and Lew,®® who noted that of 
all the body proteins, liver had the largest percentage loss during a brief fast. 
Here, vdth protein absent from the daily intake, the counterbalancing of autol- 
3 "sis by sjmthesis is at a serious disadvantage. 

This summary of a proposed theory relating ultimatelj^ the ill effects of 
chloroform to local anoxic states is, therefore, offered. 

1. Pat contributes to the anoxia by two mechanisms : 

(a) It attracts and holds an abnormal amount of chloroform compared 
to the other tissues with lower fat solubility coefficients, and hence 
a greater quantity of this drug is available to depress the respira- 
tory enzyme system, more completely, and for a longer interval 
of time. 

(b) It acts as a diluent of other constituents and thereby increases the 
diffusion distances for entering oxygen and outgoing, frequently 
toxic, products of metabolism. 

2. Glycogen favors adequate oxygenation through its mildly lipotropic 
action and by increasing with its protein-sparing power the qxiantity of pro- 
tein available for cellular metabolism. 

3. Protein prevents anoxia because of its strongly lipotropic capacity and 
because the natural respiration of a normal cell depends primarily upon an 
adequate available complement of protein. 

The conclusion is also reached that these apparently pathologic states are 
likewise reversible, under appropriate conditions, and are interpretable, there- 
fore, as exaggerated expressions of a labile and dynamic equilibi-ium. The 
effects of high or Ioav fat, carbohydrate, or protein diets find representation in 
functional and, frequently, microscopically Ansible states, often reversible, and 
whereas the intake of a high protein-carbohydrate diet has the capacity to 
shift this reaction in the direction of intracellular synthesis and a normally 
functioning, nonpathologically inAmlved mechanism, unfortunately quite the 
opposite obtains when the liver is injured by semi- or starvation states and 
other more powerful chemical hepatotoxins. 

LITERATURE CORRELATING NUTRITIONAL CARE WITH CLINICAL MATERIAL 

An appreciation of the importance of nutrition in clinical cases ivhich 
resemble the experimental conditions just described has not been totally lack- 
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ing but does seem, compared to the possible significance, to have been dispro- 
portionately meager. Often the emphasis has been preponderantly on the 
dysfunction from an hepatitis associated with biliary tract disease.®**''® Gra- 
ham®® re-emphasized under such circumstances the significance of faulty dye 
clearance by the liver, at the time of cholecystography. When seriously im- 
paired function was demonstrated, in this fashion, the patient was prepared 
for several days with additional amounts of glucose intravenously. With such 
therapy he was able to curtail the mortality of cholecystectomies at his clinic 
by 90 per cent. 

It does not seem pertinent to discuss at length the several papers which 
tend to obfuscate issues at best already somewhat less than clear. For in- 
stance, Soskin and Hyman‘S in an article abstracting a number of papers by 
Soskin on this problem, without an inferred or direct reference to the total 
caloric intake, stated that intravenously administered glucose is superior to 
oral carbohydrate, “to protect a damaged liver by means of deposition of 
glycogeh therein.” Sears and Banks'® expressed a similar conviction in the 
matter of intravenous versus oral feeding of sugar, and both groups are cate- 
gorically certain of the prime, almost exclusive, importance of carbohydrate. 
. . . “Acute and chronic destructive and degenerative processes of the hepatic 
parenchyma are best treated with large amounts of carbohydrate,” to quote 
the former group, and “cellular repair of the liver is best facilitated by a 
carbohydrate diet,” affirmed Sears and Banks. These two statements ignore 
the most basic fundamentals of tissue healing, and the local necessity for, pro- 
tein, for under such circumstances as those outlined, the sole source of nitrog- 
enous material for regeneration would be from endogenous metabolism. This 
admittedly contributes a component to the anabolism, as indicated by Davis, 
Hall and Whipple,^^ but the addition of protein to the dietary intake ordinarily 
supplies the preponderant fraction of the quantity required. Also, the un- 
qualified statements of these groups relative to the superiority of intravenously 
injected glucose over that provided through the oral route overlook the strin- 
gent caloric limitations imposed when venoclysis is the sole avenue for nutrients 
to enter. It is barely possible to provide the minimum caloric needs for basal 
conditions in adults by this method, and to conceive of effecting any ap- 
preciable storage is not heeding reality. Until the work of Goldschmidt, Vars, 
and Ravdin,®® this general plan represented approximately the maximum 
nutritional preparation of surgical patients with biliary tract disease. In 1939 
this group called attention to the necessity of providing extra protein in a diet 
to be fed preoperatively. The diet recommended contained 74 per cent cai'ho- 
hydrate, 20 per cent protein, and 6 per cent fat iu sufficient quantity to yield 
3,000 calories daily in three meals and three interval feedings. The high car- 
bohydrate content was found to he well tolerated by patients. The protein in 
large measure consisted of casein in the form of cottage cheese, skimmed milk, 
and Casec.* Biopsy specimens, obtained from patients given this diet five or 
more days preoperatively, contained uniformly less hepatic fat than material 

•A proprletarj' preparation of Mead Johnson and Company, Evansville, Ind. 
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from a compai'able group of patients not. given this diet. An inverse relation- 
shii> 1)et'\veen glycogen content and liver fat was not encountered, that is, 
several instances of a heavy degree of fatty infiltration were associated with 
the highest hepatic glycogen concentrations. 

!Many investigators and clinicians interested in the problems of hyperthy- 
roidism have related the thyroid storms and deaths postoperatively to hepatic 
damage or correlated hypei'thyroidism with hepatic failure."'*’®’* Shatfer®” in 
the autopsying of patients with hyperthyroidism found convincing evidence 
of histologic changes, especially loss of liver substances and fatty infiltration. 
The hippuric acid liver fnnctioTi test has been employed in the detection of 
hepatic dysfunction developing in this condition.®"’ Preoperative clinical 
improvement in the patients was paralleled by a return of the conjugation 
values toAvard normalcy and postoperatively pathologic levels Avere common. 
It has been appreciated for many years that the administration of thyroid hor- 
mone to animals resulted in a Ioav level of hepatic glycogen,®" that an elevation 
of the level Avas difficult to obtain,®' and that such animals had an increased 
susceptibility to hepatotoxins.®® The customary method of feeding hyper- 
thyroid patients Avas presumably influenced unfortunately by this, therefore 
preparation emphasized only carbohydrates in the preoperative nutrition. At- 
tention iiAight profitably have been focused also on the tremendous pi’Otein 
needs dcA’^eloping under such eircumstanees. 

Coleman,®' and Boyce and !McFetridge®'’ at about the same time found that 
patients Avith apparently normal hepatic function sustained a drop in function, 
occasionally to a marked degree, regardless of the variety of anesthesia, after 
the relatiA’cIy simple operations like elective hernioplasties or appendectomies. 
In some instances Avherein hepatic damage Avas noted preoperatively, a danger- 
ous impairment of liver function Avas exliibited after anesthesia and surgery. 
RaA’^din®" stated, “When the concentration of liver fat increases about the 
normal, and the reserve stores of protein ai’e seriously rediAced, liver necrosis 
is apt to occur Avhen the patient is subjected to a variety of anesthetic agents, 
regardless of the hepatic glycogen IcA'-el.” Abels, Rekers, Binkley, Pack, and 
Rhoads®' studied fifty proved cases of carcinoma in the gastrointestinal tract. 
Each patient Avas examined for evidence of hepatic dysfunction by means of 
eight tests. Ninety-eight per cent displayed an abnormality in tAvo or more 
tests, 86 per cent had three or more tests in the pathologic range. Among 
tAventy-fiA’e normal adults investigated by the same tests for hepatic function, 
tAvo indiA’iduals had a maximum of tAvo tests recording abnormal values. The 
tests employed Avere detei'minations of tlie plasma prothrombin, seimm bili- 
rubin, serum proteins (total and fractionation into albumin and globulin), 
plasma vitamin A level, urinary excretion of glycuronates, mean corpuscular 
A’olume of erythrocytes, urinary and fecal excretion of urobilinogen, serum 
cholesterol, and cholesterol esters. The advantage of selecting multiple tests 
is apparent. Any one alone proAudes but a crude index of the functional state 
of the liver, Avhereas, Avith a number of tests one can secure information on 
the numerous independent physiologic functions of this organ, and thus values 
can be secured Avhich more closelj' approximate the actual hepatic capacity. 
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This demonstration of a depression of two or more indices of hepatic function, 
in so large a percentage of the total number of patients with gastrointestinal 
disease, seems particularly significant. Frequently it is precisely this indi- 
Audual, Avith such a ease history, laboratory findings, and diagnosis of a gastro- 
inte.stinal cancer, Avho requires a A’ery major type of surgery, fi’he failure to 
recognize, treat, and correct such hepatic derangements is certain to pyramid 
the risks of anesthesia and of the operathm manipulations, to hamper of wound 
healing, and thus ultimately to increase the mortality rate of this group. 

DISCUSSION OP JIECnAXISJIS OP IIYPOPKOTEINEMIA 

Hepatic dysfunction and the fatty liver developing in surgical patients 
are problems unquestionably of great prognostic significance; their remedy is 
of paramount therapeutic consequence. At times, the many perplexities con- 
nected Avith an analysis of the mechanisms producing hypoproteinemia appear 
to be closely aa-oa’cia into these same considerations; in other instances hypo- 
proteinemia deA'elops from diverse causes. On all occasions it arouses an 
equivalent interest and is as important to the Avhole dietary problem as hepatic 
dysfunction and the fatty liver. The folloAving is proposed to furnish some 
orientation into the mechanisms eonceimed Avith the development of hypo- 
proteinemia : 

Increased Rate of Caiaholisvi. — Hypoproteinemia may result from an in- 
creased rate of catabolism, that is, the combustion of body protein takes place 
more rapidly than normal and, unless compensated by augmented intake, at 
the expense of protein stores. The increased excretion of urinary nitrogen, 
noted during febrile states, is the best example. Here the Avasting process is 
rapid and promptly leads to a negative nitrogen balance, unless treated. It 
is rather unorthodox to consider hyperthyroidism in a discussion on hypo- 
proteinemia, yet here too the protein needs are sharply increased. More for- 
tunately than in the hyperthermias, AA'here anorexia is the rule and secondarily 
reduces the protein intake, here the appetite is customarily enhanced and some 
compensation of intake, therefore, takes place. The adjustment is frequently 
inadequate, hoAvever, because the tempo of raetal)olism under the driving in- 
fluence of thyroxin is so rapid that destruction of the individual’s OAvn tissues 
takes place. The percentage of total body Aveight lost recently is of the gravest 
significance in the preoperative eA’aluation. Therefore, the diet of the tlyu-o- 
toxic patient should provide increased amounts of all basic elements Avith the 
emphasis on the protein and carbohydrate components. The metabolic prob- 
lem in hyperthyroidism is complicated further by the depression of hepatic 
function and an increased sensitivity to hepatotoxins (vide supra). This is, 
therefore, another reason to include in the diet ample supplies of proteins 
with a high biologic value that body repair and regeneration be effected Avith 
the greatest expediency. 

Increased Rate of Loss.— nypoprolcincmia may result from an augmented 
rate of protein loss. For example, early from a burned area copious quan- 
tities of protein are lost in the fluid weeiiing from the myi-iads of injury capil- 
lary walls no loAAger impervious to protein seepage. laarge amounts also arc 
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sequestrated into the tissues locallj’. yet probably most of these eventually 
accumulate back in the circulating blood via the lymphatics. Temporarily, 
however, their absence does contribute io the acute hypoproleinemia of burns. 
Later, in the history of a burn, protein is lost both by the exudation of plasma 
from extensive, granulating uncirithelializcd burned areas and through the rich- 
ly protein cellular discharge of leucocytic elements fi'om this site. And llie 
stores are depleted still more by the increased requirements relative to healing 
and repairing the cutaneous defects produced by the burn.* Other frequent 
surgical problems with abnormal protein loss are: following hemorrhage, dur- 
ing pei’itonitis, in small bowel intestinal obstruction (particularly the .strangu- 
lating vai'ieties), and in chronic ulcei’ative lesions of the large and small bowel. 
Less obvious examples are found in the protein character of e.xudates from 
abscesses and empyemas. 3’he purulent discharge from a .spacious suppurative 
pleuritic cavity may amount to several hundred cubic centimeters daily of 
fluid with a protein concentration of 8.1 to 21 Gm. per cent and maj’- contain 
4.6 to 11.5 Gm. per cent of albumin.®®’ ®® Thus, much protein is commandeered 
from the circulating stores and depots, which a febrile and anorexic patient 
can ill afford, either in terms of his reduced dietaiy intake or by vii-tue of the 
depressed hepatic function associated with such infectious states. The lo.ss 
may be largely renal, as in nephriti.s, nephrosis, or amyloid disease. A single 
large or multiple smaller decubitus ulcers are capable of easilj^ producing a 
serious luifavorable nitrogen imbalance. The tremendous amount lost by re- 
peated paracentesis for ascites simulates closely the experimental plasma- 
pheresis technique. Quite as easily it is capable of inducing severe h 5 q)opro- 
teinemic states. In constrictive pericarditis with ascites treated by repeated 
aspirations the hypoproteinemia has been wrongly stated to be of hepatic 
oi’igin. The protein content of such fluid i.s customarily small (1 to 2 per cent) 
but because of the several liters removed at each sitting, the total protein loss 
is large, especiallj' since it is predominantly albumin. Therefore, actually, the 
liver may be producing the colloid pi'otein at better than a normal pace. 

Decreased Protein Intahe . — Hypoproteinemia may result from a nutritional 
deficiency. That is, it may develop through poor selection, unavailability (war 
edema), a frank reluctance or disinclination to partake of food, or some defect 
in absorption as chaz'acterizes conditions like sprue, pellagra and occasionally 
pernicious anemia, the non-specific diarrheas of infancy or bacterial ones of 
adulthood, and gastrocolic and high intestinal fistulas. 

Reduced Capacity of Fahrication . — Hypoproteinemia may result from a re- 
duced capacity or actual failure of protein fabrication by the liver. Acute, 
subacute atrophy, biliary (Hanot’s), and portal (Laennee’s) cirrhosis are the 
oirtstanding examples of this mechanism. Actually, the protein synthesis is 
probablj^ depi’essed to varying degrees by all agents inducing a hepatitis, that 
is, sulfonamides, arsenicals, anesthetics, shock, bacteremia, virusemia, septicemia. 

It is admitted that this outline which has been proposed for the several 
fashions by which hypopi-oteinemia may develop possesses inadequacies. For 

*An additional expression of the tliermal injury could be an actual barnperins 
version, by the body, of amino acids to fabricated proteins, as proposed in the post-traumat 
theory of abnormal nitrogen loss. 
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instance, the reader may M'ell recollect mechanisms prodneing hypoproteinemia 
which have not been included. Also, at times, certain conditions may seem to 
have been ai'bitrarily placed under one heading rather than another. In addi- 
tion, and this is to be emphasized, one or more causes for depletion may co- 
exist and simultaneously effect unfavorably the plasma proteins. That is, low 
values ascribable to an inadequate caloric intahe ‘will be secondarily reduced 
through the agency of ulceration, hemorrhage, and sepsis, and tertiarily de- 
pressed by a concomitant reduction of hepatic function. Even with these 
imperfections inherent in this outline, it is felt that by so cataloguing the 
broad range of events contributing to the development of hypoproteinemia, 
its genesis -will attain a clearer appreciation. 

DISCUSSION OF THE EFFECTS OF HYPOPROTEINEMIA 

hlany ills and complications of postoperative convalescence are said to 
stem from hypoproteinemie states. ' The following are the more clearly charge- 
able to such a reduction in plasma protein. There may be impaired wound 
healing or even disruption. Delayed intestinal motility, even intestinal ob- 
struction, and anastomotic stomal difficulties have been noted. Edema forma- 
tion can supervene, and related to this are quite likely some of the postopera- 
tive bronchopneumonias. A decreased resistance to infections with a reduc- 
tion in antibody formation has been described. Probably also a decreased 
tolerance to shock-producing circumstances exists. Certain chronic anemias 
appear related to an inadequate protein intake. Other miscellaneous condi- 
tions have been ascribed to this condition. Clark, after studying the effects 
of diets on wound healing, infei'red from feeding a high protein diet to dogs 
that this abolished the quiescent or lag phase in their wound healing. Harvey 
and Howes rather felt that the inception of the healing process did not occur 
any sooner on a high protein diet, containing 80 per cent casein bj' weight, 
but believed the velocity of fibroblastic growth Avas more rapid and that max- 
imum healing Avas reached sooner under these conditions. The work of Clark, 
and of Harvey and Howes,*®^ is, therefore, a somewhat practical application of 
the fundamental reseai’ches of Osborne and MendeP’’^ and of Rose.^'’^* These 
workers clearly indicated tlie utter essentiality of certain amino acids for 
normal growth processes. Arey,’"® reviewing the problem of Avound healing, 
concluded that many of the most important factors associated Avith repair Avere 
more or less directly related to or dependent upon a diet high in protein. 
Thompson, Ravdin, Rhoads, and PranlP®®’ confirmed the finding of earlier 
Avorkers of delayed fibroblastic proliferation in hypoproteinemie dogs, but Avere 
able to prevent this reparative delay by elevating the colloid osmotic pressure, 
after the incision Avas made, cmplojnng lyophilized plasma. Clinically there 
is recorded an inereased incidence of Aimund disruptions in hypoproteinemie 
individuals. Rhoads, Pliegelman, and PanzeP°® related the mechanism of de- 
layed Avound healing in hypoproteinemie animals directly to the reduced col- 
loid osmotic pressure. This, they belicAmd. Avas the most satisfactory explana- 
tion for normal fibroplasia in dogs, made hAqAoproteinemic (by plasmapheresis 
or other methods), in Avhom the total colloid osmotic pressure Avas raised to 
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approximately normal valnes by the intravcuons injection o£ the metabolically 
inert material, acacia. Sokolov’"” and, somewhat later, Lanman and Ingalls”® 
indicated the importance of adeipnite amonnts of vitamin C for normal wonncl 
healing. They felt this consideration rvius an im})orlant biologic factor in nor- 
mal regeneration. Taffel and Harvey’” conliiancd these findings. ITartzell, 
"Winfield, and Irvin”- were inclined to credit hypoproteincmia with at least 
as an important a role in the rennion of operative sites. While appreciating 
the value of vitamin C in rcpaii’, they i)<)inted out in their cases that in each 
instance of disruption, hypoproteincmia was associated. A rather intere.sting 
possible causal relationship between vitamin C deficiency and protein genesis 
was hinted at in two papers by Levine. Itlarples, and Gordon.”®’’” An in- 
ability to metabolize the amino acids tyrosine and phenylalanine, which de- 
veloped spontaneously in an infant, was corrected, they noted, by the use of 
ascorbic acid. In summary, it seems reasonable to opine that with either a 
plasma protein lack or cevitamic acid dofieienej’, wound healing is retarded; 
with both reduced, the felony is compounded. 

Jones and Eaton”® were among the first to relate malfunctioning gastro- 
enterostomy stomas to postoperative nutritional edema. They appreciated that 
the latter was related to the malnutrition, starvation, hemorrhage, and puru- 
lent discharges which were not uneompionly the lot of surgical patients. Un- 
fortunately, the incomplete, and hence with respect to tissue repair well-nigh 
vaUieless. pi'otein. gelatin, was selected for fortifying the proposed coi’reetive 
diets. iMeeray, Barden, and Ravdin”® noted a ])rofoundly delayed emptying 
time oeeun’ing in intact stomachs or the residual pouch after resection. They 
siiggested this was caused by hypoproteincmia. It was felt that the “vicious 
circle” effect (Barden Ravdin, and Frazier’”) after gastroenterostomy could 
be relieved in coi’tain instances by transfusions. Davis and Getzoff”® found 
instances, simulating adynamic ileus they believed to be caused by hypopro- 
teinemia, which were corrected by transfusions. 

Starling”® was the first to hypothesize a fluid circuit between the blood 
stream and the extravascular spaces in which the distribution of liquid was 
regulated largely by a finely adjusted balance between hydrostatic pressures 
and the colloid osmotic forces. The range of normal values of the plasma pro- 
teins producing this force, according to Fiirey,’®® is: 

AVER.\Gn R.\XGE 

Total proteins 7.3G G.2 to S.l 

Albumin -1.92 4.1 to .“i.S 

Globulin 2.40 1.7 to ?>..'5 

Per gram, the albumin fraction contributes 5.5 mm. of mercury and the 
globulin fraction 1.4 mm. of mercury osmotic pressure, tuider normal states 
of hydration.’®’’ ’®® However, when the plasma proteins are reduced in con- 
centration, as in hjqtoproteinemia, each gram has less osmotic force, and as 
might be anticipated when there is increased protein concentration, as in dehydra- 
tion, each gram exerts more force than it docs at nomal concentrations. 

A total osmotic force of circa 17 mm.’®® of mercury is necessai’y to prevent 
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edema formation with normal hydration. Brnckman and Petors^"^ noted edema 
when albnmin concentration fell helow 3 Gm. per cent, with adequate hydra- 
tion. Moore and Van Slyke^”® stated the critical concentration of total pro- 
teins, below which edema is likely to develop, is 5.5 ± 0.2 Gm. per cent and for 
albnmin 2.5 ± 0.2 Gm. per cent. Weech and Ling^=“ and Lepore^^® fonnd it 
d'ifficult to produce edema in dogs or human beings with very low plasma 
protein levels, where a severe sodium ion restvietion was effected. Others^®^'^®® 
have verified this conclusion, and we have repeatedly confirmed and made use 
of this fact to prevent or abolish edema formation in hjqioproteinemie indi- 
viduals, where it is difficult or impossible temporarily to restore the plasma 
proteins because of other considerations. One can hardly sanction the admin- 
istration of sodium chloride in such liberal quantities as has been advocated, 
and as may prove necessary, to maintain the plasma chloride level at or above 
560 mg. per cent, in the group of patients with low cardiac reserve and/or 
with uncorreeted hypoproteinemia. In our experience this has proved more 
hazardous than the deliberate development, judiciously tended, of a mild state 
of dehydration and dechlorination. Usually this can be easily effected by a 
reduction in the daily supplement of dietarj'- or parenteral sodium chloride. 
To be sure, since sodium is really the malefactor similar restrictions must be 
imposed on the use of sodium as the bicarbonate for an antacid or in con- 
junction with sulfonamide therapy. In the majority of instances with such 
limitations of chloride and fluid a satisfactory balance is readily struck and 
future adjustments are made on the basis of the patient’s day-to-day weight, 
plasma chloride level, presence or absence of edema, and related complications. 
Clinically, such short periods of mild dehydration and dechlorination, care- 
fully supervised, appear to evoke no serious secondary manifestations, while 
visibly correcting an edematous state and holding it in abeyance until the 
danger no longer exists of postoperative complications such as impaired wound 
healing, bronchopneumonia, intestinal stasis, etc. 

Scrutiny of the protocols and data of Davis and Whipple^®-*^ and Mecray, 
Barden and Eavdin^^® shows recorded a high frequency of distemper in ani- 
mals made hypoproteinemic. Whipple stated, “Plasma depleted dogs are even 
more susceptible to infections (than anemic ones) and many of the dogs used 
in the earlier experiments died of abscesses, septicemia, endocarditis, and re- 
lated conditions.” The antibody production necessary for opposing infectious 
processes requires protein in the form of globulin, and is, therefore, influenced 
by the depreciation occurring in this fraction during many hypoproteinemic 
states. Such a curtailment would be reflected in a diminished capacity to 
resist nocent bacterial invasion. The experimental evidence favoring this view- 
point has been discussed by Cannon and associates.^®^' His conclusions afford 
at least a partial confirmation to the theory since rabbits, after a plasmapheresis 
depletion of their protein stores, exhibit a definitely decreased capacity to pro- 
duce antibodies. Also, several other types of small animal experiments designed 
to test this thesis have yielded confirmatory data. 

Other miscellaneous pathologic conditions have been directly or inferen- 
tialiy related to hypoproteinemic states. Hahn and Wliipple'®= found that ani- 
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mals maintained anemic by bleedings produced more hemoglobin Avben diets 
contained ample amounts of protein than Avhen they contained low amounts, 
despite an adequate iron complement in both experiments. Orten and Smith"" 
and Orten and Orten”'* found that a mild chronic anemia developed in 
rats fed a low protein diet, and controls M'ith .sufficient protein in the diet had 
normal blood findings. When the pi-otein content was maintained reduced, 
but the total number of calories raised, the chronic anemia persisted; increas- 
ing the protein content (lactalbumin) with calorie values lowered promptly 
restored the blood picture to normal. Iron additions to the diet were without 
effect. Bethell,'’^'' obseiwing anemias occurring in normal pregnancies, was 
inclined to believe they were related to an inadequate amount of dietary pro- 
tein, and noted favorable responses when this component was increased. 
Studies" in progress now at the University of jMinnosota Hospitals, upon the 
obstetrical and gynecological services, rather confirm this impre.ssion. 

Chang"® measured the blood volume in patients with low plasma protein 
values and an associated nutritional deficiency and found these volumes re- 
duced. This has been corroborated in a limited study of our material. This 
finding has been amply confirmed iii experimental animals by Holman, Ma- 
honey, and AYhipple,"' and Elman and Davey."® Siich a contraction of the 
total quantity of circulating blood would bo likely to exaggerate any shock- 
producing mechanisms attendant with siu-gical procedures. De Navasquez"^ 
described hepatic changes with fatty metamorphosis and brown atrophy of 
the heai’t in a case of nutritional edema with hypoproteinemia; Davis and 
Getzoff"® consistently demonstrated with the hippuric acid tests, decreased 
liver function in hypoproteinemic patients. 

Less tangible bvit nonetheless impressive is the characteristic improvement 
in the patient’s general appea?*ance and reaction, amounting almost to a mild 
euphoria, shortly after conversion from a negative to a positive nitrogen bal- 
ance. Patients who have been a long time autocannibalistic become indiffer- 
ent to their needs and surroundings and ultimately incapable even of the 
efforts required for existence. Others®®^ have noted a similar improvement in 
depleted patients after increasing the niti'ogen intake. 

In recapitulation, therefore, it can be stated that the causes of hypopro- 
teinemia are legion ; the effects of hypoproteinemia are already multiple Avitli 
many as yet probably unidentified or/but vaguely appreciated. The complex- 
ity is heightened, too, by the rather likely consideration that hj^poproteinemia 
ai'ising from one cause may add to its own evil and perpetuation through 
remote influences, that is, a depression of fabrication in the hepatic substance 
and anorexia after a local loss from an extensive burn. However, with this 
knowledge, albeit limited at our disposal, it is now possible to undertake a 
more rational and less empirical therapy for these major problems of the fatty 
liA'er, hepatic dysfunction, and hypoproteinemia. 

Starting with the transient supply of proteins with which we are born, 
and ever thereafter, our bodies require external sources of plant or animal 
protein for survival. These we eat, digest, absorb, and utilize for energy or 
refabrication into a specific species pi'otein. Visible dissolution of the ingested 
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protein begins in the stomach, but under the influence of powerful proteolyti 
intestinal enzymes this nutrient is fractured eventually into short peptides ani 
amino acids. These, more commonly as the latter than the formei’, are al 
sorbed into the portal circulation and there serve to provide energy, or t 
synthesize the bodily proteins of plasma and tissue. All the albumin, fibrinc 
gen, prothrombin, and much of the globulin are formed in the liver from thes 
absorbed products of digested protein. Some globulin is apparently mam 
factured by the reticulo-endothelial sj'-stem outside the liepatie substance. An 
other fraction of the circulating amino acids or more complex aggregates i 
employed to construct hormones, other protein-containing secretions, and th 
cellular blood elements. Those amino acids not required intact for these func 
tions are deaminized chiefly by the liver, with the NH, group developing int 
ammonia which then combines with CO; to form urea. The fatty acid residuf 
when oxidized, then supplies energy directly or if the amino acid preeurso 
was glycine, alanine, arginine, aspartic, serine, cystine, glutamic, hydroxj 
glutamic, or proline, glucose may be formed and burned or stored as glycoger 
The work of discovering which of the twenty odd amino acids were indispen 
sable occupied many of the leading biochemists for yeax’s. As a result of th 
woik of all the investigators, Rose’®^' was able to pi-esent a classificatioj 
dividing the group into the two categories, essential and nonessential, fo 
growth and maintenance. This work, done in rats, strictly speaking is there 
foi’e knoA\'n to hold only for them, but the best inforamtion available no^ 
suggests that much the same partitioning is valid for man. 


ZSSEXriAIi 

iVONESSENTIAI, 

Arginine 

Glycine 

jUetluonine'^ 

Alanine 

Isoleucine* 

Serine 

Leucine 

Aspartic 

Lysine 

Glutamic 

Valine* 

Proline 

Phenylalanine" 

Hydrosyproline 

Tryptophan* 

Tyrosine 

Threonine* 

Cystine 

Histidine t 

Hj'droxj-lysine 

Korleucinei 


Since these ten amino acids ai-e essential for normal cellular growth, tin 
quantity in which they are present is probably a limiting factor in plasm; 
protein regeneration. Certain experiments of Madden and Whipple,’^® ii 
which basal diets were augmented with various combinations of essential am in; 
acids, ax’e strongly svxggestive. 

By means of the process of transamination, that is, the convei-sion of ket( 
acids B-CO-COOH to amino acids R-CHlNHol-COOH, within the cell substance 
certain amino acids are synthesized in the body, thus providing a pai-tial inde 
lieudexx ce iu protein fabrication. Unfortunately, all amino acids cannot b; 

•The qiianUtic.<! of tlic.-se amino aciOs required for promoting: etowUi are greater lliar 
for tlio imstarred proup. Absence or severe Jimitation in amount of any one of tiiese starreo 
acids seriously limits growth. 

tTlils amino acid may not be essential in man. 

jThis is included in some lists as essentia! for growth and maintenance. 
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hun which is about 13 to 35 per cent proteiii. Wcccii'”’ has stated that it does 
possess a “lingering unpleasant taste, difficult to disguise and rendering it 
rather unpalatable for human consuni])tion.” The associated odor is remin- 
iscent of the hot glues used in woodworking and eabinctmaking. With the 
exception of a product made available to us for experimental purposes, crys- 
talline bovine plasma protein, about 95 per cent protein, Ave are, therefore, 
relegated to items of lesser (medium according to the table) potency, ^tlany 
here can be excluded bj’’ oljjections which appear to lie reasonable. All un- 
cooked meat is eliminated for i-outine use because of the danger of transmit- 
ting brucellosis.'®“ There seems to be no simple manner of excluding this pos- 
sibility from uncooked flesh short of pasteurization. Cultixre methods require 
too prolonged periods of incubation and are impractical for excluding posi- 
tives^ this possibility. Tlie use of cooked kidney yields erratic results (note 
columns 2 and 3 of Table I). The ingc.stion of .veast and bran in bulk tend 
to cause a diarrhea in many individuals. Thyroid pOAvder and liver extract 
are obvioAXsly unsuited for quantity usage. Gizzard, beef muscle, and salmon 
alloAv little variety in the menu and the per cent of protein in each gram bulk, 
is large. The fat content of soy bean meal is too high. Lactalbumin, casein, 
egg AAdiite (ovalbumin and ovaglobulin), polished rice, and poAvdered Irish 
potatoes ultimately remain for consideration. We have acquired no experi- 
ence Avith the use of the latter tAvo substances. The first three substances are 
complete proteins (contain all the essential amino acids) and have been the 
materials used in acquiring much of our biologic information. They are cheap, 
particularly the casein and lactalbumin, are available in quantity, can be easily 
added to any one of several dietary dispensing vehicles, and, for the average 
palate, present no serious de,gree of gustatory I’cpugnance. The selection of 
casein and lactalbumin for fortifying diets Avas favorably influenced also by 
the apparently high-grade protection of the liA-er obtained Avith feeding of this 
substance in the experiments of Davis and Whipple.'^ Skim milk poAA'der Avas, 
therefore, selected as the stock material since it fulfilled so many of the re- 
quirements. The cost per pound is very reasonable (approximately 20 cents 
per pound) ; many billions of pounds are produced annually. In producing 
skim milk poAAxler, nothing i.s added to the milk and only the butterfat, Avatei'. 
and much of the A'itamin content is removed. The aA-erage composition of 
skim milk poAvder is as folloAvs 


components 

PER CENT 

Pat 

1.0 

Water 

3.0 

Protein 

37.S 

Casein circa 

32.0 

Lactalbumin circa 

5.2 

Lactoglobulin circa 

0.5 

Lactose 

49.7 

Ash 

8.5 


*In this connection it seems pertinent to note that casein and lactalbumin have a sig- 
nificantly higher methionine content^^ (3 and 2.8 per cent, respectively) than several 
edible proteins. Hen ovalbumin, also an integral part of the diet.^, probably has the hignesc 
methionine content with 5.3 per cent. 



VARCO: PREOPERATIVE DIETARY JIANAGEIMENT 


331 


The total nitrogen coniiiosition of skim milk powder is about 5.4 per cent. 
Of this total nitrogen, 76 per eent is casein nitrogen, 18 per cent noncasein 
protein nitrogen, and 6 per cent nonprotein nitrogen. This materiaP' and a 
fortifying substance to augment the carbohydrate content were the selections 
then for diets to be devised wliich would possess a high protein, carbohydrate, 
caloi’ic, low fat composition. In developing this theme it seemed wiser to use 
as vehicles fruit juices,! eggnogs, purees, and soups, whose nutritional makeup 
could be augmented with protein and earboliydrate. Lactose was originally 
chosen to enhance the carbohydrate content since there was evidence in the 
literature suggesting that it was less liable to induce diarrhea when fed in 
quantity than were other sugars. This finding has not been confirmed, and it 
is our impression that this problem is minimal whenever the dispensing ap- 
paratus is maintained thoroughly clean or preferably sterilized. An additional 
aid in avoiding this difficulty is the routine use of some form of appropriate 
refrigeration for those portions of the diet awaiting dispensing. Should diar- 
rhea develop it can usually be remedied satisfactorily and promiitly by re- 
checking on the techniques involved in the aforementioned precautions, and 
by the coincidental administration of paregoric in modest amounts. For in- 
tervals of several months no single instance of diarrhea Avill appear, despite 
a frequent change in personnel among the nursing staff and semiskilled help 
preparing this material, under the supervision of the dietetic staff. Finally, 
we have been compelled to abandon the routine use of lactose because of lack 
of availability of the material, and because its cost was so great compared to 
beet or cane sugar. Due to the strictures involved in securing sufficient quan- 
tities of this carbohydrate we have been substituting “ cerelose. ”1 It has 
proved a satisfactory, inexpensive replacement for the cane or beet product, 
and has the added advantage of being only three-fourths as sweet as sucrose. 

The diets with which we have been concerned have been almost exclusively 
liquid in nature. This has had advantages and disadvantages. Against the 
idea is the fact that only a relatively meager selection and rather unvaried 
menu is available. Also, it is a common feeling that no meal is really eaten, 
certainly not a satisfying one, unless some article can actually be chewed on 
during the course of the repast. Unfortunately for this frame of mind, clin- 
ical experience has shown that the individual’s insistence on swallowing a 
partially masticated bolus of solid material, a piece of beefsteak, for example, 
presents to the somewhat occluded gastroduodenal aperture a well-nigh in- 
soluble problem in aboral transportation. A short period of time spent in 
explanation with such individuals, invariabl}^ removes this reluctance to co- 


•A variety of more refined commercial preparations have been sampled as alternative 
means of avigmenting: the protein and caibohydratc values. TJiese possess certain advantages 
of increased palatabiUty and solubility, but have been so disproportionately expensive as to 
discourage their routine use and rather limit the application to special instances. 


»A host of carriers has proved satisfactorj' ft?*' this purpose, and a partial list would 
include orange juice, lemonade, pineapple juice, apple cider, cherry nectar, bananas powdered 
or homogenized from the whole fruit, grape ami grape fruit juice. Substituting freclv from 
this hst will niter the over-all content of protein, carbohydrate, and fat ver5' little .since the 
preponderant Influence on these nxitrienis comes from the fortifying substances of milk 
powder and a sugar. 


tDoxlrose from corn processed by the Corn Products Refining Company, St. Paul, Minn. 
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operate during the temporary all-liquid feeding regimen. The fluid character 
of the diets has proved advantageous to the dietetic staff. Semi- or unskilled 
workers readily learn the simple necessary manipulations and mechanics in- 
volved in the production of these formulas. On the practical side it was 
essential that one diet be available for drip feeding through even a small bore 
nasal tube. 

A number of diets have been jiroposed in the literature for purpose.s of 
alimentation via the oral, gastrostomy, or .ic.iuno.stomy route. In each instance 
they have not been adapted to this study because of one or more of the fol- 
lowing objections : 

1. The percentage of fat contained was too high. The inadvisability of 
this has been mentioned eaidior. 

2. The protein percentage was too low. Such diets would be automatical- 
ly excluded. 

3. The number of calories per cubic centimeter, described by the neologi.sm. 
calorie equivalent, is too small. If attention is not devoted to this detail, the 
bulk of liquid administered becomes excessive as one strives to attain a high 
caloric feeding schedule. About 1.5 caloi'ies per cubic centimeter is desired. 

In recapitulation it can be said that the contemplated diet was to possess 
these characteristics: It would be a high protein, carbohydrate, low fat diet 
with a high calorie eq^xivalent ; its production would be simple, relatively in- 
expensive, and in a form readily tolerable, in appearance and taste to the 
patient — and to his intestinal ti-aet. No emphasis was to be placed on the 
vitamin content of the diet and it was decided to rely on the routine admin- 
istration of such quantities of ■\itamin (thiamine). B complex (crude liver 
extract), C (ascorbic acid), and K as appeared indicated in each individual 
case. The minerals, calcium, phosphorus, and iron have been estimated to be 
present in satisfactory quantities Avhen a single portion of Diet I or II is 
consumed. 

This information was secured chiefly from charts in Bowes and Church"^^ 
and the values listed here have been reduced to close approximations. 


Calcium 

PhoFphorus 

Irou 


DIET I 

(OXE portion) 

5.2 Gm. 

4.2 Gm. 
19.0 mg. 


DIET II 
(1,500 C.C.) 

2.8 Gm. 
2.6 Gm. 
16.0 gm. 


These amounts listed exceed, when but a single portion of either diet is 
consumed, the daily allowances recommended in the Handboolt of Nutrition 
for 1943. 

DESCRIPTIOX OF PROPOSED DIETS 

For the preoperative dietary management of surgical patients, Diets D 
n, HA, III, and D" have been developed. In each the goal was to adhere as 
elosel.v as possible to the previously listed qualities and characteristics. Specific 
differences, within these limitations, were "built into" each diet. Diet I is 
designed to be quite reasonably palatable, with a wider range of vehicles, and 



VAKCO: PEEOPERATIVE DIETARY MANAGEMENT 


333 


Diet I 



Calories 

Protein 

Pat 

Carbohydrates 

Caloric equivalent 

volume 

OK 

tVElGIIT 

2,426.00 

160.20 Gm. 
18.05 Gm. 
407.00 Gm. 
1.60 

p. p. 

OHO 

CALOEIES 

7 A.M. f 

14 cup oatmeal, strained 

10 Gm. 

1.4 

0.75 

6.8 

40 


% cup skimmed milk 

180 e.e. 

6.3 

0.40 

9.0 

65 

1 

2 tbs. lactose* 

30 Gm. 



30.0 

120 

9 a.m:. { 

1 cup orange juice 

240 c.c. 



24.0 

96 

■ 1 

1 tbs. lactose 

15 Gm, 



15.0 

60 

10 a.m. 

‘Sldmmed milk powder 

120 Gm. 

40.4 

1.20 

58.8 

408 


1 cup skimmed milk, warm 

240 c.c. 

8.4 

0.50 

12.0 

86 

1 

% cup pureed peas 

50 Gm. 

3.3 

0.20 

10.1 

55 

12 M. ' 

1 cup orange juice 

240 e.e. 



24.0 

96 


1 tbs. lactose 

15 Gm. 



15.0 

60 

2 P.M. 

Eggnog; 







tegg 

Variable 

6.4 

6.S0 

0.4 

79 


Skimmed milk potvder 

30 Gm. 

10.1 

0.30 

14.7 

102 


I 1 tbs. lactose 

15 Gm, 



15.0 

60 


1 1 cup slummed milk 

240 c.c. 

8.4 

0.50 

12.0 

86 

4 P.M. 

f Skimmed milk powder 

120 Gm. 

40.4 

1.20 

5S.8 

408 


fl eup skimmed milk, warm 

240 c.c. 

S.4 

0.50 

12,0 

86 


1 14 eup purded beans, string 

50 Gm. 

1.0 

0.10 

3.3 

18 ' 


1 (fresh, frozen, or canned) 






6 P.lt. 

{ 1 glass grape juice 

240 c.c. 

0.8 


44.0 

179 

S P.M. 

(Eggnog, same as 







1 2 P.M, feeding 

about 

24.9 

6.60 

42.1 

32T 


Totals 

1,500 e.e. 

160.2 

18.05 

407.0 

2,431 


•Beet, cane sugar, or cerelose can be substituted. 


to be presented to the patient in divided portions every few hours during the 
daytime. In Diet II, with a high caloric equivalent, the emphasis is less on 
tastiness, yet it should be palatable, and more on securing a freely flowing 
mixture, to facilitate feedings via a nasal tube. Diet IIA consists of 1,000 e.e. 
of Diet H to which has been added the filtered residue remaining from one 
pound of ground raw liver after homogenization in a Waring blender. This 
machine effects nicely the breakdown of liver parenchyma into finely divided 
particles capable of passing easily through a nasal tube when they are sus- 
pended in Diet II as the vehicle. The fibrous connective tissue elements resist 


Carbohydrates 

Protein 

Fat 

Calories 

Volume 

Calorie equivalent 


Diet II 


408.S Gm. 
120.4 Gm. 
37.2 Gm. 
2,446.0 

about 1,500.0 e.e. 
about 1.6 


6 whole eggs 
2 egg whites 

4 oz. skimmed milk powder 
300 Gm. lactose* 

1,000 Gm. skim milk 


Clio 


p. 


p. 



30.0 

36.0 


S.O 


5S,S 

•10.4 

1.2 

300.0 


50.0 

36.0 


408.8 

120.4 

37.2 


•BfOt, cane sugar, or corelo.'sc can be substituted. 
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large qiianllties, may influence llie total amount of substance ultimatelj' to be 
stored in body depots. Also, oceidt edema, ■\vbieb could repi’csenl as mucb as 
5 to 6 per cent of tbe total body 'weigbt might be present but undetected. 
The simultaneous substitution with bodily tissue and disappearance of this 
amount of fluid by virtue of the improved nutrition is a tentath'e po.ssiblc 
alteimative explanation. Finally, any conversion of protein or carbohydrate 
to fat Avould require an intabe to storage ratio of more than two to one. In 
order to exclude the rather unlikely po.ssibilify of a failure of intestinal ab- 
sorption of protein and carbohydrate, sample.s from four-day stool specimens 
were analyzed. These determinations uniformly indicated excellent absorp- 
tion of the protein component despite an intake of as much as 500 Gm. daily. 
Consistently, there Avas less than 10 ]ier cent of the ingested protein in the stool. 

Cases 3 and 4 represent rather typical examples of this type of feeding plan. 

C.ASn 3 (No. 741709). — A. W., aged .OO Yoar.c, reported tlmt for fifteen months prior to 
admission there had treen epigastric postprandial di.stress associated AA-ith nansea, vomiting, 
and a deA-eloping weakness. Emesis had increased gradually in frequency. "Weight loss 
had been steady and more marked recently, so at the time of admission the Aveight loss 
was 30 per cent. No obstruction Avas noted in a gastrointestinal series of roentgenograms 
interpreted as shoAA-ing a large gastric ulcer. During the folloAving twenty-one days this 
patient received an average of 0,000 calories daily, from Diets I and II ad libitum. The 
patient displayed no diarrhea nor gh-cosuria, and had no gastric retention or emesis. This 
represented an intake of more than 7,200 Gm. of protein or nearly 350 Gm. daily. One 
Transfusion of 350 e.c. of blood Avas given. No dehydration or edema Avas present on ad- 
mission, nor did any develop during this period. Tlie liemoglobin, red blood coll, and 
plasma protein values are listed below: 


DATE 

3/29/44 

4/1S/44 

4/24/44 

4/28/44 

5/1/44 

5/0/44 5/8/44 



(WETAny 




(DAY 01 



PREPA- 




SUB 



RATION 




GERV) 



STARTED) 





Hemoglobin (Gm. %) 

9.45 

8.4G 

11.8 


10.3 


R.B.C. 


2.55 



3.20 


(millions per c.mm.) 







Plasma proteins (Gm. %) 

3.72 

5.7 


5.0 

0.2 

5.4 


It is not too difficult to explain Iioav such large amounts of protein in the 
diet seemingly fail to evoke Ijy this means a consistent detectable increase in the 
plasma protein values. This is, I believe, a clear manifestation of hoAV unsatis- 
fjdng may be the information secured through determinations of the plasma 
protein value. Often, small changes in these A^alues appear to be associated AAith 
quantitatively much larger alterations in the plasma volume and the labile pro- 
tein stores or components of bodily tissues; for these three quantities, albeit 
I’egulated bj^ a host of external and internal factors, appear to remain in equilib- 
rium. Considered someAAdiat differently they represent the three geometric 
dimensions required for the definition of A'olume. The fii’st tAvo of these deter- 
minations, plasma proteins and plasma vohune, usually can be secured readily, 
but the final dimension, the tissue component, seems at this Avriting least sus- 
ceptible of mensuration. When, hoAvcA'cr, a clear-cut rise or fall in the plasma 
protein value is noted, judgments as to the slate of nitrogen balance can be 
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offered with more assurance of their accuracy. Yet, even here, the incomplete- 
ness of these observations hovers like a discouraging shadow over any illuminat- 
ing discussion of the problem. It seems logical to infer that one of the mecha- 
nisms producing the hypoproteinemia originally could be capable of maintaining 
this status quo, despite the provision for ample sources of protein for regenera- 
tion. Subjectively this patient was much improved and appeared adequatelj'^ 
prepared nutritionally for surgerj'. No detectable evidence of hepatic dysfunc- 
tion _existed. The postoperative convalescence was prompt and complicationless. 

Case 4 (No. 732161). — G. B., aged 68 years, had noticed epigastric distress of a mild 
sort for two years befoie admission. For the last year there had been anorexia and a pro- 
gressive weight loss which at the time of admission equaled thirty-five pounds, about 27 per 
cent of the usual body weight. The local pliysician had informed her that she was anemic 
and had a tumor of the stomach. Tliese diagnoses were confirmed, and x-ray studies 
secured in this clinic revealed a massive carcinoma involving the distal two-thirds of 
the stomach. These pictures corresponded well ■with the size of an easily palpable epi- 
gastric mass. Gastric retention was not present. Three transfusions adjusted the hemo- 
globin satisfactorily. This patient averaged in excess of 6,000 calories daily for thirteen 
days from Diets I and II, without demonstrable weight gain. After this preparation she 
was operated upon and about a 96 to 98 per cent gastric resection completed. Convales- 
cence was uneventful and the patient was discharged on the twelfth postoperative day. 

Cases ExMhitiiig Pyloric Ohstruction, But Less Than Complete in Degree . — 
Patients with partial obstruction are given limited quantities of Diet I by day 
and Diet II by night. Prom midnight to 8 :00 a.m., during the initial days of 
this feeding schedule, no more feeding is allowed. The stomach is then evacu- 
ated by nasal tube and the quantity removed is accurately measured and re- 
corded. Patients having aspirations of less than 300 to 500 c.c. are continued 
upon this regimen with a limited intake when the calorie intake approximates 
or exceeds 3,500 calories daily. For example, if the intake consisted of one 
portion of Diets I and II ivith 500 c.c. being aspii’ated, the total effectual nutrient 
intake would substantially surpass the minimum requirement of 3,500 calories. 
Those patients, in this category, vith high-grade but not complete pyloric obstruc- 
tion, in whom the retention is more voluminous, are cared for in the following 
fashion: A nine-hole nasal tube is inserted into the stomach and the Diet II 
mixture allowed to trickle at a very slow rate, drop by drop, through a Murphy 
drip set. A demonstration of this setup is portrayed in Fig. 5. 

For this purpose it has proved advantageous to use intravenous flasks® 
so constructed that air rises through the contents in the container W’^hile the 
liquid flows from another dependent aperture. This bubbling effect provides 
enough mild agitation to prevent much of the aggravating tendency for plug- 
ging w'hich occurred when certain other types of dispensers were employed. 
The average patient readilj^ cooperates in regulating the flow rate by adjust- 
ing, from time to time, a thumbscrew clamp fastened distal to the Murphy drip 
bulb, which serves as a visible and reliable guide during waking hours. Main- 
tenance of such equiiunent in smooth working order is but another of the many 
burdens a tolerant nursing staff discliarges so faithfully with but scant recog- 

•Mawitaclurcd by The Upjohn Company, ICalamazoo, Mich. 
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nition. Occasionally llie prolonged presence of an indwelling nasal lube ])rings 
about real torment through local irritation. Two devices liavc been tried, witli 
the second the more satisfactory in our expci’iencc. AVoldman”'’* suggested the 
use of a collapsible indwelling nasal tube. This device closely resembles Penrose 
tubing about bi i^^ch in width with a spiral strand of silkworm gut threaded 
down the middle to serve as an obturator. This facilitates passage of the tube 
into the gastric area. In the absence of the manufactured article, oi’dinary nar- 
row Penrose tubing can be passed, with tlic aid of a eathetcj', through tlic nose 
and out the mouth. Tlien a lai-gc size gelatin capsule can be tied to a .short 
catgut leader fixed to the aboral end of tlic tube. Wiion this Ijolus is swallowed 



Fig 5. — Drip fectUng apparatus. 


with a gulp of liquid or spoonful of mashed potatoes, the tubing is readily led 
along douTi the esophagus. The soft compressible rubber cylinder is readily 
tolerated by individuals aggravated by a stiffer conduit. It does have an annoy- 
ing inclination, because of this excessive fiexibility, to kink and thus plug, with 
changes in head posture by the patient. The alternative device has been the 
use of a vinylite resin (vinyl acetate) tube, of small bore. This material is 
smooth, pliant, and lightweight. It glides easily over mucous membranes and 
evokes little adverse criticism. The lack of an abundant supply plus a tend- 
ency to deterioration after prolonged exposure to gastric acids has limited its 
application to the more sensitive individuals. It has seemed to be a useful and 
satisfactory expedient. 
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As ancillary measures in the treatment ol this t.ype of case, we have 
routinely administered atropine sulfate, gr. % 5 o, and sodium phenobarbital, gr. 
1 to 2 hypodermically, every four to six hoiU'S. Mcars’®“ has pointed out that 
therapeutic doses of atropine sulfate, hypodei'mically, every few hours materially 
reduces the quantity of gastric juice secreted; Merendino and Litow^'-° noted a 
similar, altliough less mai-kcd, depression on the flow of gastric juice when 
sodium phenobarbital was injected periodically subcutaneously. In addition, 
the sodium phenobarbital aids in controlling the motor restlessness and irri- 
tability often encountered in such eases Avhere ulcer is the underlying mecha- 
nism. Also, it allays in a large measure the discomfort from an ordinary nasal 
tube. These various adjuvants, we feel, reduce the total bulk of fluid seeking 
outlet through a gastroduodenal opening reduced in lumen and thereby con- 
trilrate to an adjustment to tolerable limits, the task of a decompensated stomach. 

An additional physiologic cojisi deration is wortliy of discussion' at this 
time. In certain instances .patients being treated by the Sippy regimen were 
noted to exhibit large volumes of gastric retention unvaryingly day after day. 
Then, after the employment of the intragastrie drip feeding routine with Diet 
11, the retention frequently decreased significantly in amount and not infre- 
quently disappeared completely. This phenomenon, it is granted, is open to 
alternative explanations, yet it provides interesting material for speculation. 
To prescribe the Sippy regimen is to prescribe a high fat type of feeding. One 
of the most clearly established physiologic responses noted after a fatty meal 
is an inhibition of gastric motility.^"*'”® This depression of peristaltic activity 
conceivably depresses gastric evacuation and, under sucli circumstances, is there- 
fore not acceptable. Also, in the Sippy method of treating ulcers, the patient 
customarily gulps a two or three ounce mixture approximately every hour or 
so. The swallow carries down with it a complement of air and then this quan- 
tity is presented before the narrowed pyloroduodenal exit. In our experience, 
the stomach more efficiently evacuates its contents when called upon to handle 
a cubic centimeter every minute than when it must adjust for a 60-90 c.c. load, 
all at once, repeated hourly, 

A patient treated in this fashion is reported in Case 5. The stability of the 
blood pressure and pulse rate and the smooth brief period required for convales- 
cence seem significant in this man Avitli a serious weight loss. 

Case 5 (No. 728192). —W. W., aged 61 years, had clironic epigastric distress and 
anorexia for the three years prior to admission. During the final three months of this period 
these s.vniptoms had increased in severity and there was an associated nausea, vomiting, 
and ease of fatigability. During this latter interval, he had lost thirty -four pounds in 
weight, a 30 per cent weight loss. The x-ray examination of the .stomach indicated a 
■‘marhed retention of barium and findings which would be most consistent with an ulcer- 
ating carcinoma of the antrum.” During a four-week period, preparation was secured 
largely with intragastrie feedings of Diet II supplemented with plasma transfusions and 
20 per cent glucose intraveuou.riy. This preparation was complicated, prolonged, and made 
less satisfactory by periodic episodes of almost complete gastric retention which would 
spontaneously clear up with continuafiou of the same therapy under which they had de- 
veloped. There was a 1.5 kilogram weight increase and the plasma proteins fell from 7.5 
to 0.7 tiiii. per cent during the period of preparation. At the conclusion of this preparation 
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Fig. 6.— Record of blood pressure, pulse, and intravcn ms fluids during anesthesia. Note stable 
blood pressure and pulse rate after initial early anesthesia effects (Case 5). 



Fig. 7, — Photograph of patient during p, reparation (Case 5), 
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a subtotal gastric resection was performed and convalescence was uneventful, with the 
patient leaving tlie hospital on the fourteenth postoperative day. This patient has re- 
mained well during tlie past one and one-half j'cars since surgery and returned to a more 
normal weight. 

Gases With Complete Pyloric Ohstruction . — In instances of complete ob- 
struction, two alteiTiatives are present. A jejunostoniy can be made for feeding 
purposes, and the surgery of magnitude performed when an adequate nutritional 
state has been restored. Wc have had virtually no experience with such a plan. 
Apparently, howevei”, even such a minor procedure can be associated "with the 
development of a temporar.y Init rather intractable state of negative nitrogen 
balance. Cuthbertson^-=-=-" first called attention to the increased rate of nitro- 
gen elimination in the urine after injuries (fractures), found the imbalance 
rose sharply in the three days after trauma, and persisted for several more 
days, despite, and almost uninfluenced by, substantial augmentation of both 
the calorie and nitrogen intake. Howard and his associates-^®’ have corrobo- 
rated these observations and have protracted the investigation while noting 
the maintenance of a negative nitrogen balance for more than one month in 
certain fracture eases. In the simpler operative procedures the nitrogen loss is 
as real but shorter in duration and quantitatively smaller. Peters®®^ reported 
that a similar situation occurs in the acute infectious processes studied, with a 
daily nitrogen deficit persisting after subsidence of the acute aspects of the 
disease, despite an intake of 178 Gm. of protein per day. This seemingly 
anomalous transitory failure of the bodily mechanisms to anabolize available 
amino acid elements has been interpreted by Albright®®® as an expression of 
Selye’s “alarm reaction” engendered by an abnormal secretion of adrenal 
cortical hormone “S.” The solution to this particular conundrum of biology 
may well involve mechanisms more intricate than this, however, for Munro and 
Cuthbertson®®® noted the absence of any real antianabolic period when rats 
were deprived of protein for a sufficiently long period prior to a fracture in- 
jury. Also, Co Tui and collaborators®®® were able to develop a strongly positive 
nitrogen balance in patients submitted to. major surgical procedures when 
about 200 6m. of protein (the powdered enzymatic digest of casein and pork 
pancreas, Amigen) was ingested daily beginning in the early phases of post- 
operative recovery. Elman and associates,®®* too, approximated these results 
postoperatively utilizing the same source of* protein. Within the scope of our 
present knowledge it is difficult to resolve these apparent contradictions be- 
tween the groups of investigators. However, the impression is created that 
whenever feasible the ingestion of protein as an aspect of preoperative prepa- 
ration is as effective as, or more effective than, corresponding increments made 
available to the patient in the post-traumatic interval. 

The other choice is to supply the patients nutritional needs largely or com- 
pletely by the intravenous, subcutaneous, or sternal routes as best one can, and 
this is often accomplished with modest effectiveness. Periodically, reasonable 
quantities of Diet II are supplied and then followed bj- a fasting interval, 
q’he gastric aspiration at that time is checked for any relenting in the obstruc- 
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tive element. The caloric intake is thereby compleinented somewhat. The bulk 
of the daily caloric intake is provided, nevertheless, by hypertonic glucose 
solutions, preferably 20 per cent in distilled Avater, dripped intravenously at 
the rate of 100 to T2.5 c.c. per hour through a fine caliber (No. 20 or 22 gauge) 
needle. It shoidd require ten to twelve hours for 1..500 c.c. (jdelding 1,200 
calories) to be injected. Hourly rales in excess of this encourage glycosuria 
with subsequent loss of greater amounts of the nutrient and a concomitant un- 
desirable dehydration effect. When it is injected at this sugge.sted pace, Avhich 
exceeds someAvhat the prescribed “desirable rate of infusion, the total 
spillage in the tAventy-four hour urine collection in our experience has been 
consistently less than 1 per cent. Insulin is not added to the solution in the 
normal subject, and CA'idenee of tbe beneficial effects of its use under such 
condition is controversial.’'®-’-® The use of a cubital vein Avith the arm hyper- 
extended in the routine manner for intraA-enous therapy is to be avoided be- 
cause of several considerations. This position is acutely distressing for anyone 
to maintain longer than a short Avliile. ConsequentlA', the patient tries to 
relieve the discomfort by some degree of flexion at tbe elboAv, readily and 
frequently plunging the needle through the back Avail of the vein and leading to 
a paravenous infusion. AVith strongly hypertonic solutions this is a particu- 
larly undesirable complication, and, at be.st, results in a locally tender, inflamed 
sore arm. Another reason to avoid this site is related to the frequent oecur- 
•renee of thromboses in veins carrying hypertonic glucose solutions. If the 
broader channels are occluded early in the course of a prolonged feeding 
schedule, the difficulty of the task is enhanced and these areas are no longer 
readily available for any emergency infusions of blood or plasma that may be 
required during the operations or the convalescence. The pi-eference has been, 
therefore, to insert the needle into a forearm vein, aAvay from the cubital fossa, 
and in such a position as to allow the arm a free range of motion (see Fig. 8). 

No arm board is required. A feeling of assurance is imparted the patient 
by splinting the forearm .slightly A\-ith a fcAv thicknesses of newspaper or card- 
board encircling the area and fixed in place by a .strip of bandage. The caloric 
intake is further .supplemented by the subcutaneous administration of at least 
1,000 c.c. of 5 to 10 per cent glucose in distilled AA-ater or saline solution as 
determined by the electrolyte need aivd hydration of the patient. A positive 
nitrogen balance is strived for by tAvo means. Protein is proA'ided by the daily 
intravenous administration of liberal amounts of pla.sma. Nitrogen equilibrium 
in dogs’^-’ ’®°’ ’®’ and man’®* can be maintained for manj* days in this 

fashion, excellent CA-idence that such pareuterallj’- administered protein is 
metabolized. It is soon noted under such conditions that surprisingly larger 
quantities of plasma must be infused than one Avould calculate from the theo- 
retical plasma A'olume, to elcA-ate appreciably the plasma protein value. Since 
protein so injected does not eaiAse a disproportionate rise in urinary nitrogen, 
this is then explicable as another manifestation of the extremely fluid eqAiihh- 
rium which exists betAveen plasma protein and other protein stores. The con- 
clusion is equally reasonable that small deficits in the former mirror quanti- 
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tatively gross debits in the latter. Earlier workers""®' noted that of the 
total nitrogen lost during fasting, only a small fraction could be accounted for 
on the basis of the albumin lost from plasma protein. Sachar, Horwitz, and 
Elman’®® studied the problem in some detail in dogs and arrived at a ratio of 
25 to 30:1 for the respective contributions of albumin and tissue protein to 
total amount lost during a fast. The evidence’®' on the same subject for man 
is meager but in general agreement with the ratio revised toward 30 to 40:1. 
A few simple calculations may serve to clarify this point. If, in a 60 kilogram 
man, the plasma protein value has been lowered by starvation from the normal 
average 7.5 to 6.5, this represents but 30 Gm. of protein lost from the plasma 
volume of this individual.*' Granted the tissue-plasma protein ratio of at least 



Fig. S. — Suggested position of needle for prolonged intravenous therapy. 


30 ;] exists, then 900 Gm. of tissue in-otein have also been lost. To replace this, 
therefore, about 12,400 c.c. of plasma with total proteins of 7.5 Gm. per cent 
are required. The total eventually necessary, however, surpasses even this 
figure, since such an amount cannot lie given intravenously within even a few 
daj's. During this interval additional protein is being catabolized which needs 
to be replaced by more plasma. A good deal less than complete replacement 
therapy is, therefore, the only goal actually attainable. The surgeon should 
appreciate the difSculty of restoring intravenouslj’^ completely the body pro- 
tein depots, aim at preventing additional depletion of existing protein stores, 
and, if possible, establish a nitrogen balance as favorable as possible. For- 
tunately in this situation there is a true equilibrium, and in the situation where 
ample stores exist, the protein reservoirs are capable of replacing 40 to 60 per 

•(Aver, plasma prof. - reduced value) (Wt. in kg) ( rj total body wL in plasma) 
7.5 - 6.5 ^ 60v .05 

10 =: 30 Gm. protein 



344 


SUKGEBY 


cent of the total circnlating plasma proteins in twelve hours after a sudden 
severe loss. Over a longer interval Avith repeated demands, these depots may 
supply an amount of protein equal to 200 to 300 per cent of the original total 
circulating plasma protein. This mechanism appears to function in man’®'' at 
a reduced rate if the protein depletion has been associated Avith the production 
of shock.’®® 

A portion of the nitrogen requirements can he provided through the 
agency of intravenously injected amino acids, usually obtained from the 
enzymatic or acid hydrolysis of casein. Tlie resulting mixture in the latter 
instance is poor in tryptophane and probably also the sulfur-containing amino 
acids and these essential amino acids must, therefore, be replaced if the solu- 
tion is to be effective in protein regenei’ation. After the original experiments 
of LoAvei’®’ in 1901Jiad demonstrated that, by feeding protein digests nitrogen 
equilibrium could be attained, obserAmtions on parenteral alimentation Avith 
such amino acid prepai’ations Avere for many 5 'ears sporadic. Abderhalden, 
Frank, and Schittenhelm’®® and Abdci'halden’®® tried rectal administration 
and found eAudenee of absorption and utilization. This has been confii’med 
since.’®® Henriques and Andersen’®’ kept a goat in positive nitrogen balance 
for one month Avith intravenous injections of meat digests. To Elman belongs 
the credit for rcAuving and .stimulating interest in this problem. Much of our 
present knoAvledgc and success the method noAv enjoys is related to the efforts 
of him and his associates.’®®'’®® They haA'e demonstrated the necessity of hav- 
ing mixtures containing all the e.ssential amino acids, if retention and protein 
.synthesis is to be accompli.shed. In dogs a positive nitrogen balance has been 
effected AA'ith intravenous injections of amino acids as the sole source of pro- 
tein. It has even been possible to induce some degree of plasma regeneration 
under these conditions®®® or Avhen the ten essential amino acids (Rose) are 
proAuded in pure cr 3 "stalline form.’®® InAmstigators®®’’®®* haA’-e had difficulty in 
acquiring unequivocal evidence that plasma protein regeneration can be realized 
in adults bj’" the infusion of amino acids as the sole source of protein. IMueller, 
Fickas, and Cox®®® using an enzjmiatic hj’^drolysate of casein, 85 per cent, and 
pork pancreas, 15 per cent, found that 0.7 Cm. per kilogram Avith an other- 
Avise adequate calorie intake Avas hardly- enough to keep a positive nitrogen 
balance for a four-day period. Studies at this clinic suggest that quantitative 
as Avell as qualitative differences may arise AA'hcn AicAving the oral versus the 
intravenous routes for protein uptake by the body. The quantitative boundaries 
are rather sharply limned since it requires about fifteen to tAventj' hours of each 
twenty-four to drip in the 6,000 c.c. of 5 per cent* amigen solution necessary to 
provide the nitrogen content equivalent to 225t Cm. of protein. When in- 
jected at rates faster or Avith an increased concentration there is a greater 
tendency toAvard unpleasant systemic manifestations. Additional limitations 
exist. The bulk of fluid necessary as a vehicle for such a quantity of amigen 


♦This solution is usually made up with a 5 to 10 per cent concentration of glucose. 
tDietary intakes far in excess of t''*" 
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looms large to anyone, but to the patient with a low cardiac reserve it may lie 
insurmountable when reinforced by a sodium content in the amigen solution 
of such an order of magnitude as to constitute a real problem per se. For 
the seriously hypoproteinemie individual such hazards appear to be quite as 
genuine. Qualitative differences are somewhat less clearly definable, yet do 
seem to obtain. For instance, in a number of our experiments the total nitro- 
gen content of the twentj^-four hour urine collection secured after supplying 
2,000 to 6,000 c.c. of 5 per cent*^ amigen solution intravenously (as a slow drip 
infusion) has been higher than daily total urinary nitrogen values obtained 
while feeding equivalent quantities of shim milk powder or bo\dne plasma 
protein. No broad indictment against nitrogen replacement by intravenous 
preparations is implied, for no one can gainsay that it has an impoi’tant role 
in such therapy. However, since knowledge of the limitations involved, when 
parenteral clysis is the sole feeding route, seem to be less generally recognized 
and heeded, this brief discussion appears germane. It is apparent, therefore, 
that large quantities of intravenous fluids must be injected to introduce 
enough amino acids for both maintenance of nitrogen equilibrium and promo- 
tion of plasma protein regeneration. Any real protein need or other mecha- 
nisms for depletion besides inanition, that is, infectious processes, purulent 
exudates, or ulceration, would promptly and materially increase the require- 
ments necessary for plasma protein regeneration. "Without actually achieving 
this ideal, however, the benefits Avhich can be developed are real and very 
worth while. Amino acids alone or, preferably, supplemented with daily 
doses of plasma (or blood when indicated) make it possible to relieve the 
steady drain that starvation states and the so often associated depleting 
mechanisms place on the body’s protein stores. This interruption of the pa- 
tient’s autocannibalistic tendencies and a measure of restitution by provision 
for a liver with improved function, low lipid content, and high glycogen 
values, both increases an individual’s chance to negotiate the hazards of sur- 
gical intervention and hastens his convalescence. Such cases of complete 
obstruction, requiring the outlined therapy, are fortunately in the minority, 
for they require an inordinate expenditure of patience and time during the 
tedium of maintaining a prolonged intravenous feeding schedule. It is to lie 
emphasized that in these instances of complete pjdoric occlusion the surgeon 
must speed the preparation. Even in those patients with a high-grade weight 
loss, therapy should be compressed into a period of ten to fourteen days, for 
these individuals are most prone to develop pneumonia as a complication of 
regurgitation, inlj-ing nasal tubes, hypoproteinemia, or mere partial immobili- 
zation for long periods during intravenous therapy. Despite these obvious 
handicaps imposed upon the individual seeking an adequate surgical prepa- 
ration through parenteral feedings, it is usually possible to culminate the issue 
successfully by the proper care — and good fortime. 

Cases 6 and 7, the patients cared for in the main according to this method, 
are reported here. 
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Fig. 9. — ^Record of blood pressure, puUe, and inliavenous fluids during anesthesia. Note 
stable blood pressure and pulse rate after initial early anesthesia effects (Case 6). 
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Case C (No. 638690).--E. H., aged 53 years, for the previous thirteen or fourteen 
years had had a vague sort of epigastric distress, worse after large meals, relieved by soda, 
adherence to a bland diet, or .vomiting (rarely). Bepeated barium meal studies of the 
stomach and duodenum failed to show any ulcer. During the three weeks prior to admis- 
sion her vomiting had increased in frequencj’ and followed eating in almost every instance. 
The weight loss represented 35 per cent of the usual heft and the total bodj- rveight was 
sixtj'-three pounds. She was unable to walk, talk, sit upright, or feed herself. X-ray 
pictures secured at this time indicated a very high-grade obstruction at the pyloroduodenal 
outlet. No commitment as to the exact nature of the lesion could be safely made. During 
a three-week preparation period the degree of gastric retention varied somewhat from day 
to day, but in general remained vexatiously high. The dietary preparation, therefore, was 
achieved, in the main, through intravenous feedings of 20 per cent glucose, amino acids, 
plasma (or blood), and subcutaneous glucose infusions, daily. About 1,000 c.c. daily of 
Diet II successfully negotiated tlie stenotic barrier. The weight gain during this period 
averaged 1.5 kilograms per week. A subtotal gastric resection was then performed and the 
obstruction noted to arise from contraction secondary to a benign gastric ulcer. Conva- 
lescence was uncomplicated and the patient was discharged on the twelfth postoperative 
day. This patient gained weight, as can be noted in the follow'-up photograph secured 
several months after the operation, and was in good health until the development of a 
psychiatric disorder about one year later. 

Case f (No. 725261). — A. B., aged 78 years, in the six months prior to admission had 
had anorexia, vomiting, and about a sixty-pound weight loss, representing 37 per cent of 
the body weight. AVhen seen at th'e time of admission she could neither sit, stand, talk, 
nor feed herself. Every breath was an effort and death appeared imminent. Obstruction 
was present at the pyloric outlet, but it was possible by combining virtually continuous 
intragastrie drip feedings of Diet II, with 20 per cent glucose, amino acids, and plasma 
intravenously to achieve a daily intake in excess of 4,000 calories. This schedule was 
maintained for three weeks with little gain in weight. At that time an 80 per cent re- 
section of the stomach for carcinoma was performed. This procedure was readily tolerated 
by the patient and she was discharged on the sixteenth postoperative day. 

Those Cases With Bleeding . — 

Coses Without Ohstniction: Patients with bleeding but W’ithout obstruction 
are fed continuously twenty-four hours a day with an intragastrie drip of 
Diet II. Objections have been raised of almost a hypothetical nature, inferring 
that the presence of a soft rubber catheter may proAmke additional hemor- 
rhage by prodding the clot from an eroded but temporarily sealed blood vessel. 
This conjectured aversion seems more chimerical than real. The presence of 
a nasal tube provides a feeding schedule every minute, every hour, twenty- 
four hours a day. This appears to be of extreme importance, for two 
reasons. First, by bathing tlie gastric mucosa with a protein mixture the 
resultant pH of the gastric contents is buffered to values where the acid and 
peptic effects are appreciably reduced. The following representative figures 
have been secured. In vitro 100 c.e. of 0.1 NHCL is buffered to pH 3 by 
160 c.c. of Diet II and to pH 4 by 225 c.c. In another group of tests after a 
fasting gastric specimen was secured, dogs were given 0.5 mg. of histamine 
diphospiiatc subcutaneously. Samples were then withdrawn every thirty min- 
utes. measured for volume, tested for free acid by titration with 0.1 normal 
sodium hydroxide using Topfer’s reagent as the end-point indicator and for 
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Fiz 11 — Photographs of 




Fig. 12 — Record of blood pressure, pulse, and intravenous fluids during anesthesia 
stable blood pressure and pulse rate after initial early anesthesia effects (Case 7) 


Note 
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total acid ■with phenolphthalein as the indicator. Hydrogen ion concentration 
values were secured with a glass electrode in a Coleman electrometer. 'When 
the magnitude of this standard stimulus had been recorded in several animals, 
the procedure was repeated and 400 c.c. of Diet II were instilled, after secur- 
ing the fasting samiile, and at the moment 0.5 mg. of histamine diphosphate 
was injected. Each time subsequent samples were removed, several aspira- 
tions and flushings were performed as a precaution taken to insure that each 
aliquot removed was representative. 

Two typical experiments are charted here. 


Dog 1C4. Standardizing Test 


SAMPLE 

DEGREES 

FREE ACID 

DEGREES 

TOTAL ACID 

VOLUME C.C. 

PH 


1 

0 

16 

4.7 

6.01 


2 

110 

118 

35.0 

1.26 


3 

127 

136 

24.5 

1.20 


4 

14 28 

After InstiUatian 400 c.c. 

1.5 

Diet II 

3.51 


' 1 

0 

12 

1.8 

5.92 


2 

0 

118 

15.0 

4.24 


3 

0 

117 

51.0 

4.39 


4 

0 

90 

32.0 

3.57 


5 

0 

114 

24.0 

4.45 



Dog 165. Standardizing Test 


SAMPLE 

DEGREES 

FREE ACID 

DEGREES 
TOTAL ACID 

VOLUME C.C. 

PH 

1 

0 

20 

4.6 

7.51 

2 

79 

94 

48.0 

1.46 

3 

106 

118 

9.0 

1.30 

4 

72 

83 

21.0 

1.48 


After Instillation 400 c.c. Diet II 


1 

0 

7 

3.3 

6.54 

2 

0 

148 

32.5 

5.24 

3 

0 

137 

34.0 ’ 

4.53 

4 

0 

116 

30.0 

4.07 

5 

0 

129 

28.0 

4.95 

In this pH range nearly all the acid and 80 to 90 per cent of the peptic 

proteolytic activity have been controlled. Under such circumstances an initia- 


tion of the healing processes is conceivable. Clinical experience has shown 
that in the absence of obstruction and in the age group under 45 years a 
gratifying number of operations for bleeding ulcer can be deferred (days if 
necessary) until the judgment of the surgeon defines the moment for surgery 
rather than a compelling mandate from uncontrolled bleeding. The second 
reason for a continuous feeding schedule, and probably of coequal importance 
with the first, is related to the dividends derived from a very adequate dietary 
intake. Persons prepared witli several days’ feeding on a higli protein, carbo- 
hydrate, calorie, low fat diet, who then must be subjected to an “emergency” 
procedure, exhibit a greater capacity to withstand both the etfeets of the 
bleeding and the operation than do those individuals who, weakened bj' the 
bleeding ulcei*, are starved as a part of its therapy. Andrcsen-°° in 1927 was 
first to propose an active feeding program in bleeding ulcer cases, and he used 
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rather effectively a gelatin, glucose, cream, milk mixture. The choice of gel- 
atin was unfortunate since it is an incomplete protein, lacking among other 
amino acids the essential one, tryptophane. To iMoulengracht-®'"^” belongs 
credit for arousing a real interest in the issue. At the sixteenth Scandinavian 
Congress for Internal ^Medicine in 1933 ho reported the fir.st series of eases 
with hematemesis handled by giving the patient “something to eat.” In 1930 
and 1935 progressively laj'ger series were reported. In 251 bleeding ulcers 
there were three deaths (1.2 per cent mortality). TIis diet con.sisted of purees, 
soft foods, and a liberal administration of alkalies. This unorthodox approach 
to the bleeding idcer problem intrigued gastroentcrologisls and was tried at 
varioxis clinics in America. No group quite attained the remarkable record of 
Meulengracht but many physicians Avcrc able to reduce their local mortality 
of previous years. The method has not met with universal adoption and de- 
bates may linger about certain details, but it is um-easonable to doubt the 
validity of the major point. It is more .scholarly thinking to realize the need 
for providing a means of neutralizing acid and pepsin, major factors in the 
genesis and perpetuation of ulcer, than to ignore these items, make no pro- 
vision for a buffering mechanism, and thereby let natoc assume the entire 
burden of healing, as is done l)y those who .subscribe to the therapy of a 
starvation I'egimen. The concomitant advantages secured by providing some 
nutritioxis elements are also apparent. 

Cases ^YUh Ohsf ruction: The problem ])re.sented ])y a bleeding ulcer with 
obstruction, at times, in any one individual ease, may seem almost insoluble. 
It is common experience that in people with such ulcers almost all methods 
of neutralization are much less effective. Experience in this clinic with the con- 
tinuous drip has verified this. Because of the obstruction, feeding by this route 
may avail little or even be impossible, and bleeding in such circumstances has 
been very difficult to control. A few times, we liave employed a saline solution 
of human thrombin, instilled into the stomach, allowed to remain in place for 
twenty minutes, and then repeated every six hours. In this very small series, 
coincidentally, and for the fir.st time, there has been a prolonged abatement 
in the bleeding, as indicated by serial hemoglobin, hematocrit studies. Con- 
clusions are vxnwarranted from such circumstances, which may be merely for- 
tuitous, yet the idea seems to merit i-epetition. All patients with a bleeding ulcer 
are transfused several times each twenty-four hours until the hemoglobin is 
brought up to 10 6m. and then held at or over this figure. Alkalinization of 
the urine by an intravenous 5 per cent sodium bicarbonate solution pro re mfa, 
in order to prevent tubular precipitation of hemoglobin in an acid media, is c 
part of this transfusion routine. There has been no cause for regretting adop- 
tion of this precaution. Charts of the blood pi'essure and pulse, secured every 
hour, are kept on all patients with evidence of any real bleeding. Determina- 
tions of the hemoglobin and/or hematocrit are secured at least twice daily and 
more frequently if at all indicated. And, in spite of these precautions and a 
real interest in the problem on the part of the nursing personnel, medical and 
surgical staffs, fatal exsanguination has taken place, without detectable, even 
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in retrospect, premonitory signs, and iience before remedial therapy eonld 
avail. The patient past 45 years of age presents a particularly trying problem. 
In such instances when recent gross weight loss does not complicate the prob- 
lem, it is probably wisest to control the bleeding through operative measures 
as soon as transfusions stabilize the pulse rate and blood pressure outside the 
shock range. Too frequently in this group a stiffened, arteriosclerotic vessel 
lies patulous in the ulcer bed permitting life to be pumped away with each 
heartbeat. When there exists, in addition, a real and obvious need for pre- 
operative nutritional measures due to a recent large percentage weight loss, 
the problem becomes yet more difficult and any “routine” form of manage- 
ment is disadvantageous. One can stoutlj' affirm that the decision Avhether 
and when to operate on certain patients in this category comes closer at times 
to divine reckoning than to surgical judgment. 

Cases 8 and 9, in which the therapeutics were tailored in quite different 
fashions, are submitted in partial representation of the dissimilarities existing 
in the bleeding ulcer problem under altered circumstances. 

Case S (No. 677891). — T. 0., aged 38 year.s, had had a duodenal ulcer visualized in 
roentgenograms obtained at the initial visit five years ago before admission. On that 
occasion he was bothered by recurrent episodes of epigastric distress, and hematemesis had 
recently been noted. Despite irregular adherence to a reasonable dietary program for the 
management of ulcer, his gastrointestinal troubles had been minor until recently. Within 
the few days prior to admission he had had several large tarrj’ stools and repeated emeses 
said to include 500 c.c. or more of clotted blood. He was bothered by epigastric pain, 
persistent, moderate, and unrelieved by food. On admission he was noticeably anemic; 
tarry fecal residue was present in the rectum. The blood pressure was 120/65 mm. Hg and 
the pulse was 1-10 per minute. The hemoglobin was 6.9 Gm. per cent and the hematocrit 
17 per cent. He was given 500 e.e. of whole blood at once and the following amounts each 
succeeding twentA’-four hours (the hemoglobin changes have been noted in parentheses for 
each day’s transfusions): 900 c.c. (6.95 to 7.3 Gm, per cent).; 1,000 c.c. (8.6 to 8.95 Gm. 
per cent); 1,500 c.c. (9.3 to 12.0 Gm. per cent). In addition, a continuous drip feeding of 
Diet II via a nasal tube was instituted. After three daj’s this "was changed to a drip feed- 
ing of an amino acid mixture for two days and finally a sipper arrangement with Diet II 
when ph 3 -sical and x-raj' findings indicated the patient had developed a right, and possibly 
left, lower lobe pneumonia. This was cared for promptlj' hj' penicillin therapy, and fortu- 
natelj' the bleeding had come under control and could be kept in abejmnee with frequent 
feedings via the sipper arrangement. A subtotal gastric resection was performed two 
weeks after admission, and eight daj-s later the patient was able to leave the hospital. 

Case 9 (No. 7497S9). — 1. S., aged 61 j-ears, gave a four-year history of recurrent at- 
tacks of epigastric distress which appeared to be due to a duodenal ulcer repeatedly demon- 
■strated on roentgenograms and confirmed bj- an exploratory operation performed elsewhere. 
.Si.v hour.s prior to admission, while in another hospital, lie had vomited an estimated two 
quarts of blood clots and blood stained material. Rhorth' thereafter his blood pressure fell 
to 70 mm. Ilg .si-stolie .and he appeared to be in a state of shock. Transfusions of blood 
and plasma were provided until the pressure rose over 100 nim. Hg, at which time the pa- 
tient was transported to this hospital. Upon adniis.sion the hemoglobin was 32.8 Gm. per 
cent, rod blood cell count 4.09 million per c. mm., and the lieniutocrit 40 per cent. Eight 
hundred cubic ccntiiiieters of jilasma were infu.scd during the course of an emorgcnc.v 
gastric resection and the pressure and pulse were stabilized well out of shock range. The 
convalescence was, unfortunately, complicated by a slight amount of bronchopneumonia. 
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This condition responded rapidh' to penicillin therapy and the patient rva« able lo leave 
the hospital on the tenth postope^ati^ e day. 

Cases ^yith Neoplasms of the Colon, ^^ipmoid, and liccium 
Patients tvith neoplasms of the colon, sigmoid, and reetnin frequently, too, 
have lost much weight, are hypoproteinemic, present difficult nutritional prob- 
lems, and indeed the surgical procedure necessary for cure may he of a large 
order of magnitude. Unfortunately, if the condition has already progressed 
to the stage of complete large bowel obstruction, no election for the time of 
surgery is permissible. A proximal colostomy for relief of the distended bowel 
and deviation of the fecal stream must be ])erforjned as soon as possible. In a 
large group of cases without complete obstruction, whatever interval neces- 
sai'y can be spent in securing an adequate ])rcparation. Aiiirlication of this 
principle has helped to enlarge the scope of one-stage procedures in colon 


'Fig, 13. — Sipper apparatus. 


surgei'y. Diets I and II have Imen found applicable for the preparation of such 
patients with neoplasms of the large bowel. Entirely without foresight or 
deliberate selection, these diets turned out to possess a low fecal residue. In 
retrospect tliis could perhaps have been anticipated since the protein and car- 
bohydrate are in highly absorbable fonns and virtually no cellulose is present 
to eontribnte to the stool bulk. It is not to be inferred that they are non- 
residue diets ; however, the fecal mass, even after the ingestion of large quan- 
tities of Diets I and II, is moderate and invariably can be satisfaetorilj’- evacu- 
ated with cleansing enemas in the final preoperative preparation of the bowel. 
The effectiveness of this simple method has made catharsis generally nn- 
neeessary. 

An intake of 5,000 to 6,000 calories daily is urged, with the patient taking 
whatever reasonable proportions of the Diets I and II offer the greatest per- 
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sonal appeal. To facilitate feedings among the more enfeebled patients, a 
simple bedside arrangement has been developed (see Figs. 13 and 14). A two- 
hole rubber stopper is fitted with a glass adapter for an air vent and an angled 
glass sipping straw, introduced -well through the other opening. To this is 
connected a section of intravenous tubing, a spring clamp to prevent leakage, 
and a glass mouthpiece. 

The arrangements are completed by filling a flat-bottomed 500 c.c. flask 
with the desired diet, inserting the rubber stopper, connecting the tubing, and 
immersing the bottle in a bowl containing ice chunks. The moutlipieee can 
be loosely fastened within easy reach on the patient’s nightgown, while the 
length of tubing permits the reservoir to rest on the adjacent bed table. The 
accessibility of this convenience has evoked spontaneous favorable comment 



Fjet 14. — Sipper apparatus 


from patients. The gadget promotes an increased awareness that food is at 
all times easily available, whereas, otherwise, the simple effort of turning over 
to reach for food on the bedstand may require too much strength and be 
abandoned unless a nurse or ward maid is available to carry through the desire. 
At the same time it avoids some of the disadvantages associated with the pro- 
longed use of an indwelling nasal tube. 

Cases of Biliary Tract Disease 

Patients with lesions of the biliary system where hepatic disease is sus- 
pected or proved are prepared by feeding a high protein, carbohydrate, calorie, 
low fat diet. Jlost instances of common duct stricture or stone, and invariably 
whenever carcinoma of the duct or head of the pancreas is tiie preoperative 
diagnosis, are so treated. There has been no single instance of postoperative 
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hepatic failure and the convalescence lias seemed uniformly associated with 
less systemic reaction since the instiUxlion of this practice. The diet is not 
always perfeetl}- tolerated by patients with extreme detifrees of liiliary obstruc- 
tion. Adding bile .salts to the regimen has helped some, but occasionally the 
diets cause intolerable distress. We have then sujiplicd as much carbohydrate 
and protein, by the generous use of plasma and amino acids, as possible by the 
subcutaneous and intravenous routes. 

Three case reports pertinent to preparation in such conditions are pre- 
sented here (Cases 10 to 12). 

Case 10 (No. 739230). — A. B., agc<l .30 yoar.s, li.'id had n cholecystectomy performed else- 
where six months prior to admission. This was followed hy a persi-stent, rather complete, 
external, biliary fistula, a subphrenic infection, empyema, and a weight los.s slightly in 
excess of 20 per cent of her usual body weight. The subphrenic infection had largely dis- 
appeared at the time of admission. The chronic empyema and external biliary fistula were 
.still present. She was prepared for tlie biliary .surgery by supplementing the regular hos- 
pital fare with a sufficient quantity of Diet 11 to bring her daily caloric intake to more 
than 4,500 calories. This diet averaged about 2.30 Gm. of protein per day. In addition, 
bile salts, vitamins K, C, and B,, and B complex were provided daily. She gained twenty- 
live pounds during the .sevcr.al weeks in which this preparation was given and the empyema 
cured; this cure was elTected by establishing complete dependent drainage of the abscess 
cavity. Postoperatively, after repair of the common duct stricture, some external biliary 
drainage occurred for a few weeks, but at the time of dismissal this had disappeared, and 
a cholangiogram indicated that a normal route for bile transit was available. 

Case 11 (No. 720757), — ^E. ,T., aged 55 years, had been ill for several years with re- 
current bouts of fever and chills. The condition had been treated empirically with sul- 
fonamide compounds, without a diagnosis. During the month prior to admission he had 
developed anorexia, painless jaundice, a generalircd pruritis, nnd n progressive weight loss. 
The total weight loss was about 20 per cent of the normnl body weight. Nearly every day 
before admission and during the prooperntive hospital stay, ho had some fever; this rose 
on occasion to as high as 104° F. by mouth. On the medical service he received a high 
protein, high carbohydrate diet of about 2,500 calories d.aily for about three weeks. He 
was transferred to the surgical service with the diagnosis favoring a common duct stone. 
Ten days were devoted to the dietary preparation. Diets IIA and II were used daily to 
supplement his previous diet so that in excess of 5,000 calories were taken dailj'. Ample 
amounts of vitamins B, C, and K nnd bile salts were added to the ortil intake. A Halsted 
type operation was found necessary when the patient was discovered to have a carcinoma 
of the ampulla and common bile duct. This included resection of the ampulla, distal por- 
tion of the common bile duct, and main pancreatic duct, part of the duodenum, and anas- 
tomosis of these ducts back into the duodenal wall. The recovery was without complica- 
tion. The patient was discharged on the sixteenth postoperative day and has remained 
well during the ensuing fifteen months. 

Case 12 (No. 733594). — A. W., aged 70 years, five weeks prior to admission developed 
a painless jaundice, associated with darker than normal urine, light colored stools, a gen- 
eralized pruritus, and a twenty-pound (about 15 per cent body) weight loss. The clinical 
diagnosis was carcinoma of the head of the pancreas. The patient was prepared during a 
period of eleven days for the anticipated biliary surgery by a high protein, carbohydrate, 
low fat solid diet, plus a liter of Diet II daily. The patient received one transfusion. 
Vitamins B, C, and K and bile salts were given daily. A single-stage removal of the head 
of the pancreas, stomach, and duodenum was performed in seven hours and thirty minutes. 
Throughout the entire procedure the blood pressure was easily maintained at 120 mm. Hg 
systolic and 60 mm. Hg diastolic, and the pulse rate at 60 per minute, with plasma infused 
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at a rate equal to the measured blood loss. The postoperative convalescence was hampered 
and prolonged through an inexcusable technical blunder by myself that resulted in a tem- 
porary partial obstruction at the gastrojejunal outlet. At the time of discharge live weeks 
postoperativelj’’ this had cleared up and he was eating a full diet. There was no obvious 
additional trouble for about six months, but the patient then became cachectic and died. 

Cases of Hyperthyroidism 

Since the maintenance of normal nutrition in hyperthyroid individuals is 
hampered by at least two mechanisms (increased rate of utilization and de- 
pression of hepatic function) the feeding problem in these eases is doubly 
important. Weight loss initiated in the past and continuing into the present 
often, despite therapy with Lugol’s solution or thiouraeil, bed rest, sedatives, 
and diets formerly deemed ample, can only be inferred to mean that every 
day more calories are needed than the individual is ingesting. On the con- 
trary, an uncomplicated gain in weight is a translatable indication that the 
caloric deficiency has been met. With a growing experience this has come to 
an ever-increasing significance for us, as a positive sign that such patients, 
even Avith severe hyperthyroidism, are ready for any surgery necessary to 
cure the disease. Stage procedures and polar ligations have found little appli- 
cation in this clinic for more than two years. When the preoperative care has 
specifically included the use of the high protein, carbohydrate, caloric, low fat 
Diets I and If, no instance of postoperative thyroid storm has been encoun- 
tered. Prior to the development of this awareness of the tremendous amount 
of food that may be required, this complication was encountered. There have 
been other improvements in the surgical care of hyperthyroid states and there- 
fore it is unfair to suggest that this improvement is related exclusively to 
modifications in feeding techniques. It does seem pertinent to recount the 
story of a serious postoperative thyroid crisis, associated with jaundice, hyper- 
thei’inia, and developing cardiac in-egularities, Avhich developed in a patient 
operated upon Avithout special dietary preparation. During the stormy con- 
valescence, Avhile in an unresponsive condition and Avith manifest evidence of 
decreasing hepatic function, he received, among other therapeutic measures, 
large quantities of Diets II and IIA by nasal tube. Shortly after the institu- 
tion of this therapy he began to exhibit a gradual progressive recovery Avith 
a loAvering of the serum bilirubin and general systemic improvement. The 
dietary feedings Avere maintained during the remainder of the convalescence 
which Avas sIoav but eventually completely satisfactory. This diet has been 
tried in another hospital in the management of a severe postoperathm thyroid 
crisis Avith a similar favorable re'sult. 

No further occasions to test the Amluc of this kind of therapy have arisen. 
Of a certainty, all cases of thyroid crisis do not terminate fatally Avhen no 
special feeding measures are instituted ; yet since the pi’ognosis in this compli- 
cation is grave, any means possible of benefiting the patient and improA-ing 
the outcome is Avorthy of recognition. These patients Avith scA-ere hyperthy- 
roidism, particularly the exophthalmic A-aricty. are urged to consume sufficient 
quantities of the Diets I and II, in addition to the regular fare if they so 
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desire, that weight loss ceases, and liettcr yet, a w'eiglit gain is accomplished. 
This may require 6,000 to 8,000 or more calories every day. 

The instance of postoperative thyroid crisis is reported in more detail in 
Case 13. Other imstanees of preparation in patients suitcring from thyro- 
toxicosis follow. 

Case 13 (No. 725G95). — A, N., iigetl 55 3 ’e.ir.s, in the j-enr previous to adnii.‘;sion noticed 
a progressive weakness, dyspnea on exertion, exeeileiit appetite but, despite tliis, a weight 
loss of fifteen pounds. There was licat intolerance, increased sweating, a tremor of the 
hands, and prominence in the eyes. A eour.se of deep x-ra\' therapy to the gland and 
lugolization had been omploj’cd in an attempt to control the hyperthyroidi.sm. Basal meta- 
bolic rate determinations during this period were plus GO per cent, plus G5 per cent, plus 00 per 
cent, and plus G5 per cent. The ordinarj' hospital Iiigh caloric diet was used in the dietary 
preparation of this patient on tlic medical .service. His caloric recorded intake, however, was 
frequenth' less than 3,500, oecasionallj’ le.ss than .3,000 calorie.s daily. Viewed in rctro- 
■spcct, perhaps too little attention was accorded this detail bj' the surgical consultant and 
operator. A unilateral subtot.al tli.vroidcofoniv was performed after fifteen daj's prepara- 
tion with Lugol’s solution, sedation, bed rest, and this diotarv intake. Po.stoperativelj' a 
severe hj’pertlqvroid reaction rapidh- developed. Tlic temperature rose to 105° F., jaundice 
appeared, and the xiatient was cyanotic and irrational. Thirtj'-si.x hour.s postoperativel.v, 
drip feeding with Diet II was started and, augmented b.v a nearlj' continuous vonoclysis 
of 20 per cent glucose, more than G,000 calories daih' were provided. Following this ther- 
apj' there was a stead.v decline in tlie serum bilirubin and a gradual improvement in the 
patient's general condition along with an abatement of the fever. A successful if not 
.smooth convalescence was ultimatel.v .secured. Prior to subtotal resection of the gland on 
tho remaining side at a later date, more attention was given to dictarj- preparation and the 
recovery postoperativol.v was without a complication. 

Case 14 (No. 740060). — M. 3f., aged 35 j'cars, had had a stcadj- increase in tho sever- 
ity of her symptoms of weakness, irritabililj', nervousness, heat intolerance, sweating, and 
appetite during the j-ear prior to admission. Mnnj' of the classical phj'sicnl findings of 
severe hj-perthyroidism due to a diffuse lij-perplastic goiter were present. The recent 
weight loss was twentj'-five pounds, representing IS per cent of the bodj' weight. Repeat 
basal metabolic rate recording.s were plus 50 per cent, plus 73 per cent, and plus 53 per 
cent. Lugol 's solution, sedation, bed rest, and a high vitamin B, intake were combined 
with generous portions of Diets I and II, and hospital f.are. This patient averaged close 
to 8,000 calories dailj- for nineteen da^’s, without significant (less than 0.5 kilogram) weight 
gain. Bilateral subtotal thjToidectoniy carried out after this preparation was followed by 
an easy convalescence. 

Case 15 (No. 740035). — M. N,, aged 64 j'Cars, had been bothered bj* d 3 'spnea and weak- 
ness for three to four 3 'ears before admission. During this interval her appetite had been 
unusualty good. For the past six months she had had insomnia. A known goiter had been 
present for many 3 -ears, but lateh- there was an increase in size of this gland. During the 
two months prior to admission she noted nausea, would vomit after meals, and found her 
weakness increasing. Little depression of appetite occurred, however, until this period. A 
basal metabolic rate secured at that time was plus 50 per cent and a gastrointestinal scries 
of roentgenograms indicated an infiltrating and pol 3 -poid carcinoma of the stomach. tVliile 
awaiting routine admission she developed a lobar pneumonia. Under cheniotherap 3 ' with sul- 
famerazine this responded satisfactorily. On the twent 3 --second hospital da 3 ' she was trans- 
ferred to the surgical service. Total weight loss from these several illnesses was over fifty 
pounds and represented nearly 40 per cent of the usual bod 3 ’ iveiglit. It was difiScult to make 
an unequivocal diagnosis of h 3 -perth 3 -roidism clinically. From the laboratory viewpoint there 
was sufficient gastric obstruction to exclude a galactose tolerance test and the cholesterol 
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values were of little significance after so muclv weiglit loss. Eepeat ba.sal metabolic rate 
studies were plus 78 per cent and plus 56 per cent. Since hj'pertliyroidism miglit exist and 
because slio bad a moderately severe degree of tracheal obstruction from the nodular gland, 
thyroidectomy was elected first. A 4,000 calorie diet intake was achieved by using the sipper 
and Diet II in conjunction with intravenous 10 per cent glucose, amino acids, and plasma 
(or blood) daily. After two weeks a radical bilateral subtotal thyroidectomy was per- 
formed. Beeoveiy was without untoward event. An additional seventeen days were de- 
voted to dietary preparation emploj’ing the sipper and Diet II exclusively to achieve a 
somew'hat higher daily caloric intake. An extensive subtotal gastric resection for carci- 
noma was then carried out. The convalescence was complicationless and the patient was 
discharged on the ninth postoperative daj'. There was little weight gain during this pre- 
paratory period, but since discharge and return to the outpatient clinic, she has gained 
steadily and rapidly. 

Cases of Burns 

Tile acute need for protein to avoid and to treat tlie shock rising from 
burns has been recognized by many.-'-"=^® It is less generally appreciated that 
such inditdduals very soon are in negative nitrogen balance from many causes. 
Some nitrogen balance studies made in such cases are obAdonsly quite incom- 
plete since no measured values were secured for the amount of protein lost 
locally from exudation and sloughing.®”’ Also, but much less important, 
no quantitation was made of the protein present in the stool. The intake is 
reduced by the reluctance of a sick patient to eat. Dressings or pain also may 
limit the movements attendant wdth feeding unless special precautions are set 
up to avoid this situation. There is also an increased nitrogen loss from fever 
and from the sequestration of necrotic tissues locally at the burn area, as ivell 
as from the weeping of protein-containing fluid from the burn site. Unless 
prompt, effective measures are instituted, these several sources of protein loss 
may soon generate a severe hypoproteinemia. Wound healing about the burn 
site is retarded. Of equivalent importance is the fact that split-thickness skin 
grafts removed from donor sites fail to heal onto these areas. Finally, the 
donor sites heal slowly or not at all and show an extreme reluctance to grow 
another full layer of skin. About two-thirds of the total body sulfur is con- 
tained in the skin protein. Adults in nitrogen equilibrium®^® on adequate diets 
can be induced to store considerable amounts of nitrogen and sulfur by super- 
imposition of the proper protein foods on their basal diets. Loss of this ma- 
terial alone from a broadly burned area places a big burden on the protein- 
sjuithesizing mechanisms. Diets rich in the sulfur-containing amino acids 
(methionine and cystine) are particularly necessary, therefore. Patients com- 
ing to our plastic service are often already in the stage where they exhibit 
the chronic effects of the burning. Such patients have been fed diligently 
Diets I and II, alone or in addition to the regular hospital fare. The beneficial 
results have become quite apparent. When skin grafting is attempted before 
adequate nutrition is effected, the results are poorer and healing of all wounds 
is less satisfactory than when provision is made for an ample period of feeding 
with a highly protein, carbohydrate, and calorie type diet. Such a feeding 
program brings about a temporary delay of the necessaiy reconstructive pro- 
cedures, hut ultimately shortens the required period of hospitalization for a 



higher incidence of primary “take” is noted in tlie irrafts, and the donor sites 
more rapidly regenerate new epithelial layoi’s. 

Mist flUincous Condiiions 

Diets I and II have been applied to the problem of attaining a positive 
nitrogen balance in a vai’iety of conditions. It.s tlnid nature is advantageou.s 
m the preoperative feeding of patients with esophageal carcinoma. Weight 
loss from inanition due to obstruction in the esophagus is often a problem in 
such patients. If necessary a single dilatation can be carried out, but usually 
the patients arc capable of passing on swallows of these liquid diets. From 
there on the preparation is the same as in all instances of carcinoma of the 
stomach. Daily intakes of 5,000 or more calories are not unusual. In two 
instances of esophageal diverticula with a limited food intake a.s.sociated be- 
cause of obstruction from the lesion, a nasal tube was threaded past the lesion 
and the calorie requirements more than met by dripping Diet II into the 
stomach. Patients with carcinoma of the !i]\ mouth, tongue, .jaw, and neck 
who are unable to swallow any food posto]>cratively are satisfactorily sus- 
tained in a similar fashion. There is a grmqi of patients with surgical condi- 
tions who exhibit a greater tendency to develoi) diarrhea when oral feedings 
are urged too vigorously. Included among these are some instances of gastro- 
.iejunocolic fistula and regional enteritis, and most of the patients with iilcex’a- 
tive colitis. By exercising moderation and .indgment in the pin-.snance of oral 
alimentation along with employing Diet II rather than the others in such pa- 
tients. phis intravenous feedings of glucose, amino acids, pla.sma (or blood), 
it has often been possible, nevortbeless. to correct amply enongh for surgical 
purposes this nutritional dofieiency. In the majority of instances with such 
preparation, single-stage procedures have been carried through without added 
hazard. This eucompas.ses a subtotal resc-tion of the stomach, colon, and 
small intestine followed by the appropriate anastomosis for the gasfrojejuno- 
colic lesion, and multiple intestinal resections (often small and large bowel) 
for the severer cases of regional enteritis. Even the lifesaving procedure of 
ileostomy for the acutely ill patient Avith ulcerative colitis, in our experience, 
is made safer and evokes fcAver systemic reactions after adequate efforts di- 
rected at nutritional rehabilitation. 

As suggested pi-eA'iousiy. the protein lost through purulent discharges is 
usually considerable. Patients Avith a draining empyema, extenshm chronic 
osteomyelitis, or IMeleiiey type of ulceration, are typical of this situation. Such 
pei'sons are prone to tolerate poorly any necessaiw simgeiy. Since an early 
effect of hypoproteinemia is a contraction of the blood A'olume, this Avould 
conceiA'ably be reflected in an exaggerated response to even slight amounts of 
blood loss. Our experience has been, though, that if the operation is deferred 
during a period of dietary preparation, these indmdnals do then tolerate a 
very major tj-pe of operation. When conA-inced, by a brief discussion of the 
importance of their cooperation and the positiA’e contribution they can make 
by consuming as much of the diet as possible, the patients usually eat large 
quantities of protein and carbohydrate daily. 
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Cases 16 to 20 are introduced as evidence liiat real plasma protein regen- 
eration can be aebieved under adverse biologic circumstances. These admitted- 
ly are neither exact nor sufficientlj' critical experiments, yet I believe the data 
merit consideration for the iiresent and plead successfully the case for addi- 
tional more detailed observations in the future. 

Information pertinent to the protein intake requirements and some of the 
results obtained b 3 ’^ meaiis of dailj’^ feedings of large quantities of protein from 
two sources to a patient with a Meleney type ulcer of the anterioi- abdominal 
wall comprise the subject matter in Case 16. 

Cask 16 (No. 740032).— K. P., aged 33 years, liad a Ateloney ulcer, with the edges 
subcutaneousl}' dissected, which traversed the abdomen from one iliac crest to the opposite 
side, engulfed the umbilicus, and extended nearly to the costal margin. The progress of 
the lesion had been associated with a large weight loss, anorexia, febrile episodes, and 
general bodily and mental deterioration. She was reluctant even to eat when fed bj' ward 
attendants, nor would she cry out for medication when in distress. A continuous twenty- 
four hour a day intragaslric drip feeding program with 100 Gm. of j)Owdered bovine 
plasma* protein in 500 c.c. of water (Diet IV) and sufficient quantities of Diet II to ap- 
proximate 4,000 calories daily were given. After one week, these quantities were increased 
to 200 Gm. of powdered bovine plasma protein and enough diet to provide more than 4,800 
calories daily. The hemoglobin value, percentage of plasma proteins, and albumin fracture 
were secured at the beginning of tbe feeding, during the course of tbe project, and at its 
conclusion. Blood volumes were obtained at the start and finish. These data have been 
recorded in Fig. 15. The most striking rise in the plasma protein value occurred in the 
albumin fraction which increased from 2.7 Gm. per cent on June 19, 1044, to 3.7 Gm. per 
cent on July 12, 1944. While the hematocrit rose from 32.5 per cent on June 19, 1944, to 
35.5 per cent on July 19, 1944, the blood volume was enlarged from 3.93 to 5.5 liters during 
the same interval. It is obvious that plasma protein regeneration was effective by this 
feeding schedule. The magnitude of the quantities regenerated is hardly appreciated until 
the factor of increased blood volume is brought into the calculations.! It is tlien apparent 
that the total albumin content of the plasma volume was nearlj' doubled during the test 
period. 

Such data serve to emphasize both the hazard of submitting such a patient 
witli a reduced blood volume to any additional bloodletting and the wisdom of 
providing for restoration of vascularly retained fluids before surgery is under- 
taken. Interesting, also, is the seeming failure of the body to act etfeetively 
on available protein, that is, there is a progressive rise in the intake-conversion 
ratio. For instance, increasing the protein content of the diet from the aver- 
age of 295 to 402 Gm. daily actually contributed but 20 Gm. additional daily 
to the protein retained by the body since the remaining 85 Gm. were lost 
through an increased daily excretion of urinary nitrogen. In the presence of 
a real need for protein fabrication the mechanisms controlling this phase of 
metabolism find limitation in their oato processes of conversion, i-atlier tJjan 
in the digestive and absorptive abilities of the intestine. This impression is 
corroborated by very low values obtained in analj’sis of the stool content for 
protein nitrogen. 

*Gsc or this material is an adaptation to clmieal tlierapy of tlie data of Madden and 

Whipple (SCO Tabic I). 

tSco legend, Fig. 15 . 
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Fig. 15. (Case 16). — Record of total protein intake and plasma protein response. „ 
culation of albumin gam; blood volume (June 19. 1944). 3.93 liters: hematocrit ,_ted 

1944), 32.5 per cent: Plasma albumin fraction (June 19, 1944), 2.7 Gm. per cent ; cmc ^ 
circulating plasma albumin, 71.62 Gm. ; blood volume (July 19, )■, .5.3 rpnt: 

(July 19. 1944). 35.5 per cent; plasma albumin fraction (July 12. 1944), 3.7 (Im. pejl 
calculated circulating plasma albumin, 131.26 Gm. ; calculated gam in circulating a 
59.64 Gm. 




VARCO: PREOPERATIVE DIETARY MANAGEJIENT 


361 


Case 17 (No. 734359). — ^P. B., aged 75 years, stated tliat an indefinite distro.ss in tlie 
upper abdomen present for many years had grown during tlie past two months into an 
acute, nearly continuous pain, u.ssociated with anorexia but no vomiting. Thirty-five per 
cent of the body weight had been lost recently. X-ray examination of the stomach sug- 
gested that a local infiltrating carcinoma of the antrum with retention was present. This 
degree of obstruction proved to be of no magnitude during the preoperativc preparation. 



Pie- 16 (Case 17). — Record ot total protein intake and plasma protein response. 

During the first eight days of dietary therapy nearly 6,000 calories daily were taken in 
Diets I and II. During this period the plasma proteins dropped from 5.0 Gm. per cent, 
secured just after beginning the therapy, to 4.3 Gm. per cent one week later. One hundred 
grams of crystalline bovine albumin in Diet IV were added daily and the caloric intake 
maintained in excess of 4,000 calories daily with adequate amounts of Diet I. Values for 
plasma protein secured at approximately weekly intervals during the following twenty-one 
days were 4.29, 4.9, 5.4, 5.8 (just prior to surgery). (This is about the maximum response 
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ever secured in these studies from protein feedings witli the gastric or duodenal lesion still in 
situ, to contribute to the regular protein loss.) After this preparation the patient was oper- 
ated upon, a subtotal gastric resection performed, and a recovery without complications 
realized. The patient was discharged on the eighth postoperative day. 

AYhile studying nutritional problems in surgical patients, the opportunity 
was realized of treating the liypoitroleineinia of a patient with lipoid ncphrosi.s. 



Fig. 17 (Case 18). — Record of total intake and plasma protein ie."=ponse. 


Case 18 (No. 711391^). — J. S., aged 21 ycais, was admitted to the medical service, 
where a diagnosis of lipoid nephrosis was confirmed by clinical and laboratory methods. 
She developed right lower quadrant piain, tenderness to palpation, and muscle spasm in 
this region. Appendicitis could not be excluded positively and she was, therefore, oper- 
ated upon for this condition. During the convalescence she ingested 450 6m. of powdered 
bovine plasma protein in Diet IV during a five-day interval, in addition to a diet calor- 
ieally ample. At the start of the therapy the plasma proteins wore 3.8 6m. per cent. 
Within twenty-four hours after completing this test period they had risen to 4.8 Gni. per 
cent. As can be noted in Fig. 17 this gain was achieved despite a urinarj' loss of about 
40 6m. of protein, determined according to the Esbach technique. At the conclusion of 
this period she was transferred bach to the medical service, where she was placed on salt- 
free hospital fare with a subsequent steady fall of the plasma proteins to 3.5 6m. per cent. 
In excess of 2,250 c.c. of plasma intravenously were then required to restore the plasma 
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proteins to about the same value tliey had attained after the feeding of powdered bovine 
plasma protein. 

The apparent iiicvease in the plasma protein value after feeding 4o0 Gm. 
of powdered bovine plasma xiroteiii might have been achieved through eithei 
an increase in the protein intake of the individual or an improvement in the 
quality of the protein as suggested in the studies of kfadden and Whipple. 
Additional consideration should perhaps have been given to the question 
of whether the augmented protein intake and subsequent elevation of the 
plasma proteins were associated with an increased daily lo.ss of protein in 
the urine. Since the ingestion of the powdered bovine plasma protein was at- 
tended by an increase in the plasma protein value, any pj’^raniiding of the 
urinary loss remained yet small enough to permit a net gain of the plasma 
protein value. The problem of treating the hypoproteinemia of lipoid neph- 
rosis appears, therefore, intimately related to the quantity of protein ingested 
and to its innate abilitj’^ to induce plasma protein regeneration. 

Hypoproteinemia, in the absence of ascites, developing in an individual 
with a Laennec type of cirrhosis, is usually ascribed to an impairment of pro- 
tein fabrication. While preparing nutritionally just such a patient for the 
removal of a carcinoma of the colon, observations were made which suggested 
that under special eireumstanees even such a pathologically involved liver is 
capable of elevating a reduced plasma protein value, perhaps even to normalcy. 

Ca.sb 19 (No. 723512). — C. G., aged 59 j'-ears, was known to have a Laennec type of 
cirrhosis for at least ten years prior to admission. He had had bouts of jaundice, ascites 
requiring repeated paracenteses, hypoproteinemia, urobilinuria, and dye retention. 

The diagnosis of carcinoma in the sigmoid colon %vas made before this admission. At 
that time medical consultants, after securing a number of laboratory tests, noted a de- 
pression of hepatic function, probably related to the cirrhosis. For ten days he received 
on the average of 5,000 calories daily from Diets I and II without raising the percentage 
of the plasma proteins above the initial level of 5.7 Gm. per cent. During the next nine 
days the filtered residue obtained from one pound of homogenized raw pork liver was 
added to the diet, that is, the patient received Diet IIA. This was followed by an increase 
in the plasma prote’ins to 6.3 Gm. per cent, an increase associated with augmentation of the 
albumin fraction as can bo noted in Fig. 15. During this second phase of the preparation 
the caloric intake was maintained high also. After this preparation, exteriorization and 
excision of the sigmoid lesion was carried out. At the time of exploration the liver was 
found to be nodular and no larger than the operator’s two lists, although the patient’s 
weight was 95 kilograms. Convalescence was smooth from this and from the subsequent 
closure of the colostomy at a later date. While at home he discontinued the dietary sup- 
plement and a fall in the plasma protein value w'as noted. During this latter hospitaliza- 
tion the patient was again fed the diet containing homogenized raw pork liver, with an 
apparent elevation of the plasma protein value from 5.25 to 6.3 Gm. per cent. The'patient 
was urged to maintain this special dietary feeding schedule but demurred, finding the diet 
too unappetizing; about one year after the last surgical procedure he returned on the med- 
ical service with an exacerbation of the cirrhosis. Peritoneoscopy at this time indicated 
a small, coarsely granular, cirrhotic liver. 

The data of Sladden and Whipple suggest that raiv porlc liver when fed 
is capable of evoking a substantial plasma protein regeneration. Under the 
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special circumstances of a patient with hepatic cirrliosis at least three mecha- 
nisms might be involved in accounting for the augmented plasma protein 
values after feeding the homogenized raw pork liver. 

The elevated plasma protein values might be due to; (1) an increased 
amount of protein in the diet ; (2) the introduction of a protein (present in 
the raw poi'k liver) which is more efficiently converted to human plasma pro- 
tein; (3) the ingestion of specific substances in the liver (for example, com- 
ponents of the vitamin B complex) which facilitate plasma protein regenera- 
tion either directly or indireetlj’’ through improvement of the existing hepatic 
disease. 

The number of patients fed raw pork liver has remained small because 
the potential danger of causing brueello.sis, though remote, is real and there- 
fore can hardly be sanctioned. Pasteurization has not been tried, but would 
appear to be the best solution to the problem. 

Case 20 (No. T2S019). — C. S., aged 53 j'cars, two and one-lialf months prior to ad- 
mission, noted a fluctuant area wliich had developed in the right groin. This had been 
incised by the local physician but continued to drain and then developed ulceration about 
the site. The ulcer increased steadily in size, encompa.«sing the entire lower one-half of the 
abdomen at the time of admission. Bactcriologic studies confirmed the diagnosis of a 
hleleney tj’pe ulceration. She received blood, plasma, and protein in Diet II and protein 
in the hospital fare. From Fig. 19 it is noted that when this combination of sources was 
maintained high, there was a simultaneous increase in the plasma protein values. The 
trauma associated with some necessary surgery for controlling the disease was associated 
with a fall in plasma protein values. Unfortunately and undoubtedly playing a major 
contributing role was tlie contemporaneous reduction in dietary protein since less attention 
was apparently paid to intake of protein than when the patient was being prepared for the 
earlier surgery. The values then rose as the diet intake was increased, only to decrease 
to seriously low levels under a regimen of reduced intake and additional surgery. With 
the ulcer completely skin grafted by this last procedure, thus removing this source of pro- 
tein loss, and with an increase again in the total protein intake, there occurred the final 
elevation of the plasma protein value. 

Application of Dietary Preoperative Preparation to Outpatients 

Latelj’- the Diet II has been adapted to the nutvitional preparation of the 
patients while at home awaiting hospitalization. Jlilk powder is secirred by 
prescription from the drug room. The following instructions are then pro- 
vided. One-half pound of sugar is dissolved in one quart of skim milk, six 
eggs are beaten into this, and then eight tablespoons of milk powder are com- 
pletely mixed into the liquid. Yanilla, cocoa, or chocolate syrup, and one tea- 
spoon of salt may be added to bring about a more desirable flavor if wished. 
The individual is urged to keep this in a clean (preferably boiled) receptacle, 
under refrigeration. The resulting total amount yielding in excess of 2,000 
calories is to be drunk each twenty-four hours, in addition to any other food 
taken in the diet. It is felt that with such a prordsion for an adjustment Imck 
to an adequate diet, the deterioration of the patient’s nutritional status does 
not continue during the invariable delay between diagnosis and the time a 
hospital bed is available. 
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Fig. 19 (Case 20). — Record of total protein intake and plasma protein response. 


CRITERIA FOR JUDGING DURATION OF FEEDING PROGRAM 

Unfortunately, no method of precision is at present available to guide the 
surgeon in deciding on the length of time preoperatively each patient should 
be prepared nutritionally. It can, however, be readily appreciated from the 
foregoing discussion that the loss of body weight is of paramount importance 
in this calculation. More specifically, the percentile weight loss is the most 
important and reliable single determining clue found to date. After a 
limited tidal, it appeared that the correlation between biopsy samples se- 
cured with the Silverman needle prior to therapy and again at the time of 
surgery was not enlightening. Jlore efforts are required though to crystallize 
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this impression. Larger pieces than can be obtained through this type needle, 
which would be susceptible of quantitative organic chemical analysis, might 
possibly yield information more readily interpretable. Without submitting 
patients to an unnecessary operation, no Avay, as yet, has been found for secur- 
ing the required control specimens. 

Using the percentage body weight as the liest index so far encountered, 
we have come to rely upon the following temiioral estimates.** It is admitted 
that these are rather empiricallj' selected. However, a growing experience 
gained from the application of these time intervals to several hundred clinical 
cases suggests that they are at least long enough to permit an adequate dietary 
preparation for the most extensive type of surgery. 

1. When the percentage of body loss is at least 5 to 10 per cent, three to 
five days of proper feeding is sufficient. 

2. When the percentage body weight loss approaches 20 per cent, ten to 
twelve days of proper feeding are necessary. 

3. When the percentage body Aveight loss approximates 25 to 30 per cent, 
nearly three Aveehs of adequate feeding are required. 

4. When the percentage Aveight loss is in excess of -35 per cent, at least 
one month of thorough feeding is needed. In this classification is included 
patients too Aveak to sit, stand, talk, or feed themselves. AVhen prepared ac- 
cording to this schedule, they are customarily discharged from the hospital 
after about the same length of postoperatiAm sojourn as those Avithout such a 
handicap to overcome. 

SUMMARY 


In summary it may be stated that the application to clinical material of the 
Avealth of carefully acquired and accurately documented biologic infoi’mation 
on the pathologic physiology of starvation states has been Avoefully neglected. 
The therapeutic problems initiated by starvation states are broad and touch 
on many aspects of the surgeon’s sphere of activity. A failure to recognize and 
appreciate the importance of the concomitant effects that may develop from 
an inadequate nutrition (fatty liA^er, decreased hepatic function, hypopro- 
teinemia) materially pyramids the hazards of surgery in that individual. On 
the contrary, an adequate preparation Avith appropriate diets lessens signifi- 
cantly these dangers. Without such preparation, the surgeon either must 
refuse these indmduals even surgical procedures of necessity, because of the 
appreciated added hazards from such an undertaking, or, AA^hen persuaded to 
operate during a default in judgment, he is often led into tragic consequences. 
On the contrary, Ave have come to belicAm that these “poor-risk” cases can be 
conscientiously accepted for operathm procedures of almost any magnitude 
tolerable to standard-risk eases AAithout augmenting seriouslj’- the risk accepted 
by them — if good dietary preparation has been achieved. From much animal 
experim entation, it Avas inferred that a diet rich in proteins, carbohydrates, 
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•In individuals with complete pyloric obstruction, being 
j, it is often wisest to compress the preparation Into a 




fourteen- to sixteen-day period. 
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and calories, but lo^v in fat would be most likelj’’ to afford the greatest protec- 
tion and provide the best nutrients for restoj-ation to normalcy of the involved 
structures. Diets have been proposed which eml)ody these considerations. The 
high protein content has been achieved bj' foi’tifying sevex'al vehicles with milk 
powder, which contains all the essential amino acids. Similarly, lactose, cane, 
beet sugai’, are cerelose Avas added to attain the high carbohydrate content. 
The fat content has been reduced to minimal A'alues. The tAvo diets developed 
on this plan most frequently employed are Diets I and IT. Diet I is palatable 
and comes in multiple serA'ings during the day. Diet II is designed to function 
for tube feedings, is less palatable, but is taken readily by mouth by almost 
all patients. These diets have been used in the routine care of several hundred 
patients hospitalized upon both a general and a gastroenterologic surgical 
serA'iee. Large quantities, by volume and caloric content, of such formulas 
AA^ere found to be Avell tolerated. They haA-e appeared to exert very beneficial 
effects in correcting some of the pathologic changes secondary to an inade- 
quate, poorly selected caloric intake. Preparation A\'ith such diets has been the 
added factor AA'hich permits the surgeon greater license in ,the magnitude of 
the opei’ative procedure he may undertake for a cure, and greater freedom to 
extend the indications for palliatiA-e surgery, all Avithout accepting a dis- 
couraging increase in mortality. AVith vigilant attention to such details as 
hemostasis, blood and plasma replacement commensurate AA’ith manifest losses, 
and careful maintenance of the proper depths of anesthesia, the .surgeon can 
complete his task in a leisurely, meticulous fashion free of the obligation to 
operate “Avith an eye on the clock.” 

These details have also functioned to imjxrove the raA'ages of bodity struc- 
ture caused by a AAdde variety of disease conditions per se (burns, empyemas, 
Meleney ixlcers). Suggestions harm been offered to guide the pi’eoperath'e 
dietary management of surgical patients Avith diseases of the gastrointestinal 
tract. 

Particular empha.sis Avas placed on the therapy for lesions of the stomach 
and duodenum. The special problems related to p.Adoric obstruction and bleed- 
ing associated AA'ith lesions in this region I’eceived detailed comment and tested 
therapeutic hints AA'ere appended. Feeding of Diets I and IT Avas noted to be 
a satisfactory form of preparing nutritionall3>- the majority of patients Avith 
surgical conditions encountered in the intestinal tract. The boAvel residue 
after such feedings Avas found to offer no problem during required colonic 
surgery. This method of preparing patients Avas applied to those Avith disease 
of the biliary tract (stone, stricttire, or carcinoma), in instances of hyperthy- 
roidism, and seAmral other surgical conditions. The impression Avas expressed 
that recoA’eiy from the surgery aa^s more certain and the conA'alescenee more 
SAAuft than AA^hen such dietary preparation Avas neglected. 

The percentage bodj^ AAmight loss is believed to be the best single consider- 
ation in determining the duration of the feeding program. Estimates, relative 
to this percentage weight loss, of the length of time the feeding period should 
be continued are suggested. Precise fmictional tests or crucial experimental 
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proofs of these considerations, liowever, have not been, as yet, attainable. Man, 
even under ideal conditions, is a difficult biologic organism to standardize. 
The problem is additionally com])licated by the several hiatuses that exist in 
our knowledge of protein metabolism generally and specifically in human 
beings. Since, also, several of those mechanisms originally producing the 
functional derangements of meiabolism (fatly liver, hepatic dysfunction, hypo- 
proteinemia) continue to influence unfavorably normal iii’ocesses during periods 
when, through diet, the re-establishment of normal metabolism is sought, the 
ultimate result will be the balance attained by destructive and constructive 
forces. Our present efforts suggest, but with no more concrete proof than that 
of clinical results, that major efforts direeted at nutritional readjustment can 
be made to yield a margin of safety for the patient requiring surgery, in spite 
of previous, and with coexisting deleterious influences on, metabolic processes. 
It is apparent that such measurements should be secured ; in particular, the 
rate of deA^elopment and reversal of iiathologie cellular changes in the liver, 
information concerning the factors goimming these changes, knowledge of the 
intimate regulating mechanisms accelerating and depressing protein anabolism. 

Despite the lack of confirmatory evidence obtained under i-igid experi- 
mental conditions indicating that dietaiy preparation lessens the risks of 
formidable operations, the clinical evidence on this score is overwhelming as 
suggested in a number of the case reports detailed in this study. It has been 
pointed out that patients who have lost considerable weight are not good 
candidates for operations of magnitude after adjustment of water, electrolyte, 
and hemoglobin values. On the contrary, if, in addition, the nutritional 
deficit of the patient is repaired, such patients tolerate prolonged operation 
well. Adequate dietary preparation of poor-risk patients who have lost con- 
siderable weight does away with the element of hurry in operations. These 
lessons learned in the school of experience when adopted as standard practice 
in the preparation of surgical patients will have a telling favorable influence 
in extending the benisons of surgerj'^ to borderline groups of surgical risks 
without increasing materially the surgical mortality. The surgeon must school 
himself in the intricacies of dietary preparation of patients as well as in evalu- 
ating water and electrolyte balance and in mastering surgical technique. 

CONCLUSIONS 

1. Many patients with gastrointestinal lesions remediable by some surgical 
procedure present nutritional problems. 

2. When a large amount of body weight has been lost by such an individ- 
ual, the hazards of surgery are increased. 

3. Surgery in these patients can be performed at approximately the same 
mortality as in the standard-risk patient when adequate dietai-y preparation 
has been achieved. 

4. An adequate dietary preparation can be achieved in these patients, 
especially when no obstructive element is present, by the utilization of high 
protein, carbohydrate, caloric, low fat diets. 
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5. Diets described in the text fulfill these criteria and perform satisfac- 
torily this preparation. 

6. Special dietary problems are posed bj' the patients with obstruction at 
the gastroduodenal outlet. 

7. A satisfactory nutritional preparation can usually be achieved in these 
patients by employing methods outlined in this study. 

8. Special problems of feeding and hemostasis are involved in those pa- 
tients with bleeding idcers of the stomach and duodenum. These problems are 
related to the severity of the hemorrhage, the age of the patient, and presence 
or absence of obstruction. Suggestions are offered relative to the care of such 
patients. 

9. The need for, and applicability of, such diets in the nutritional prepa- 
ration of a variety of surgical states is discussed. 

10. Broad, empirical rules (but so far the be.st indices we have) based on 
the percentage of total weight lost are proposed. 

11. The need for securing incontrovertible proof, under better controlled 
experimental conditions than the clinic affords of the observations related 
herein, attesting the value and importance of adequate dietary preparation of 
surgical patients, is suggested. 
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ALKALINE PHOSPHATASE AND METASTATIC LIVER DISEASE 
Rockwoob W. PrLhAUD, Jh., jM.D., Chicago, Ilc. 

(Front ihc Surgical Service of the Frcshyicrian Jlospiial) 

A lkaline phosphatase as a diagnostic aid in metastatic carcinoma in 
the liver has been recorded in the past few years.’’ While serving as 
a resident on the surgical service of the Presbyterian Hospital of Chicago, 
I had the opportunity of studying another series of cases, which is the subject 
of this communication. This test, has been employed on all patients with 
carcinoma on whom it was anticipated there would be an exploratory opera- 
tion in order that our clinical findings might be checked with the laboratory. 

Alkaline phosphatase has been found in greatest amount in osteogenic 
tissue, renal epithelium, and epithelium of the small intestine, “ thus, tissues 
involved in bone formation or in glucose absorption or elimination. It is not 
found in normal liver cells or bile ducts. 

It is possible to produce a carcinoma of the liver in rats by feeding them 
dimethylaminoazobcnzene.^' '* In their normal liver endothelium phosphatase 
is present in small quantity while there was a large amount of the phosphatase 
found histologically in the endothelium between the newly foimed carcinoma- 
tous duet tissue. Even the cytoplasm of the carcinoma cells in the liver con- 
tained it. This latter may, however, be a specific reaction peculiar to the 
species since the same tumors reproduced in mice failed to show the high 
phosphatase content.' 

In human beings,' very little phosphatase was shown in a carcinoma 
of the breast, rvhereas it was found in abundance in an adenofibroma 
and in normal lactating breast tissue. Furthermore, the only phosphatase in 
a sigmoid carcinoma was found in the siuTounding vascular endothelium while 
in the metastases it was marked in the surrounding endothelial tissue. The 
hypothesis of these authors concerning the presence of the phosphatase about 
vascular endothelium was that this tissue contributed to or removed it from 
the blood stream. 

Since it is known there are many forms of liver disease which will give 
rise to a high alkaline phosphata.se, theories have been proposed to account 
for this. One concept is that the retention of enzjTOes is due to anything 
which blocks the excretion of the particular organ. Thus it would be expected 
that biliary obstruction due to a common duct stone would produce a high 
phosphatase. This oceui’s. Other theories maintain that the increase is due 
to altered liver function. Whether tumor nodules would actually block phos- 
phatase excretion is not known and as yet it cannot be stated just how the 
phosphatase rises with biliary obstruction. 

With this work in mind we have follovcd eighty-five consecutive cases 
of carcinoma taking an alkaline serum phosphatase level in each ease in an 

Bcceivcd for publlc.'ition, Augr. 23 , 1945. 
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Table I. Carcinoma With Liver Metastases and Ilion Alkaiane Phosphatase 


CASE 

NO. 

AGE 

(yr.) 

SEX 

phosphatase 

PER CENT 
PROTIHIOMBIN 

DISEASE 

REMARKS 

7 

56 

M 

36.0 

— 

Caicinoma of 
rectum 

Liver filled 

17 

49 

P 

34.3 

— 

Carcinoma of 
rectum 

Liver filled 

26 

54 

P 

30.0 

100 

Carcinoma of 
sigmoid 

Liver filled 

35 

47 

AI 

22.8 

— 

Carcinoma of 
■sigmoid 

Many nodules 

36 

54 

P 

24.9 

— 

Carcinoma of 
icctum 

Many nodules 

37 

56 

M 

21.8 

70 

Carcinoma of 

ICC turn 

Liver enlarged at 
deatli 

57 

48 

M 

30.0 

100 

Carcinoma of 
rectum 

Liver filled, found 
at cholecystec- 
tomy, carcinoma 

3 yr. before 

61 

55 

M 

22.5 

SO 

Carcinoma of 

ICC turn 

Liver filled 

62 

49 

P 

49.S 

— 

Carcinoma of 
jcctum 

Liver filled 

72 

41 

P 

50.0 

so 

Carcinoma of 
breast 

Liver filled at 
autopsy 

7G 

66 

M 

48.6 

73 

Carcinoma of 
sigmoid 

Liver now nodular, 
icteric index 84 

77 

49 

]\I 

21.3 


Ilvpetncpliroma 

Liver filled 

84 

66 


14.2 

— 

Carcinoma of 
rectum 

Liver filled 

93 

57 

3\I 

15.7 

— 

Carcinoma of 
liver 

Liver filled 

93 

48 

P 

34.5 

SO 

Carcinomatosis 

Liver filled 


Table H. Carcinoma With Normal Liver and High Phosphatase, Elea’ateb Icteric Index 


CASE 

NO. 

AGE 

(YR.) 

SEX 

PHOSPHATASE 

PROTHROMBIN DISEASE 

remarks 

34 

56 

P 

14.2 


Carcinoma of 

1 ectum 

Postoperative peri- 
tonitis, icteric in- 
dex 24 taken at 
time of phos- 
phatase 

46 

48 

M 

42.0 

90 

Carcinoma of 
ampulla of Vater 

Liver free, icteric 
index 132 

75 

67 

M 

90.0 

70 

Carcinoma of 
duodenum 

Liver free, icteric 
index 15 


Table III. Carcinoma W'^itu Liver Metastases and Normal Phosphatase 


CASE 

NO. 

AGE 

(YK.) 

sex 

phosphatase 

PROTHROMBIN 

disease 

REMABKS 

4 

63 

p 

9.3 

100 

Caicinoma of 
rectum and ovary 

Many liver nodules 

11 

57 

M 

9.3, 6.3 

60 

Carcinoma of 
rectum 

Several nodules 

14 

07 

P 

6.7 

100 

Carcinoma of 
cecum 

Several nodules 

27 

03 

M 

8.2 

100 

Carcinoma of 
cecum 

Few nodules 

33 

39 

P 

4.8 



Carcinoma of 
breast 

S large nodules 
and multiple bone 
metastases 

53 

53 

M 

4.1 

100 

Carcinoma of 
cecum 

Man)' nodules 
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Table IV. Carcinoma With a Questionable Nodule in tue Liver and Normal 

Phospuatase 


CASE 

NO. 

AGE 

(VE.) 

SEX 

PHOSPHATASE 

PEOTHROMBIN 

DISEASE 

REMARK.? 

9 

52 

F 

8.2 

100 

Carcinoma of 
.sigmoid 

Single nodule, 
questionable 

22 

70 

M 

2.7 

40 

Carcinoma of 
rectum 

Single nodule, 
questioimWo 

50 

30 

F 

3.1 

— 

Carcinoma of 
rectum 

Single nodule, 
qiiostionablo 

82 

62 

F 

7.7 

100 

Carcinoma of 
ascending colon 

Single iiodulo, 
questionable 


attempt to predict liver involvement. We have twenty-six cases in which 
carcinoma was not the problem but wliere the patient was hospitalized for 
other disease and used as a control or had known liver disease other than 
metastases. These 111 eases have all been proved liy exploration or, in a few 
cases, by autopsy. 

Table V. Phosphatase Eeadings in Patients AVith Liitr Disease Other Than 

Caeginoma 


CASE AGE 


NO. 

(YR.) 

SEX 

PHOSPHATASE 

PROTHROMBIN 

DISEASE 

REMARKS 

1 

55 

P 

70.5 

90 

Common duct 
obstruction 

Long-Standing 
jaundice icteric 
index 20 

2 

56 

M 

25.8 

100 

Catarrhal jaun- 
dice 

Hypertrophic 

cirrhosis 

Icteric index 171 

3 

58 

M 

45,7 

100 

Icteric index 19 

8 

57 

P 

22.8 

— 

Common duct 
stone 

Icteric inde.x 12 

16 

54 

M 

26.2 

— 

Cholecystitis 

Icteric index 18 


Of the 85 cases, wherever we found the alkaline phosphatase elevated 
(King Armstrong units, 13 being the upper limit of normal) and ruled out 
certain other diseases such as cirrhosis, obstructive jaundice, or bone disease, 
there was metastatic disease in the liver. There were fifteen cases which fell 
into this category although one of these patients had jaundice with the me- 
tastases whereas the others did not. 


Table VI.* Patients WTth Carcinoma 

Number of patieuts 
Liver 

Phos phatase 

•Individual cases not charted. 


57 

Normal 

Normal 


In our series there were six cases in which there was definite, and at 
times marked, liver involvement with a normal phosphatase. We are unable 
to explain these findings. There were additionally four patients with a ques- 
tionable single, small liver nodule and a normal phosphatase. 

Table VII. Norm<vl Patients 


Number of patients 21 

Liver Normal 
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All attempt to correlate prothrombin dctermimilioii with liver involve- 
ment gave no findings of significance. 

In conclusion, as a routine test wlien dealing with a known malignancy 
and in the absence of jaundice, known liver disease or abnormal osteogenic 
activit.y, a high phosphatase will probably help in establishing the operability 
of a surgical case. Perhaps a more important use will be in cheeking post- 
operative patients to determine late liver involvement without subjecting them 
to exploration. 

SUMMARY 

1. Alkaline phosphatase in a scries of eiglity-five cases of carcinoma is 
presented. 

2. Where there was a high phosphatase — and other forms of liver disease 
such as obstructive jaundice, cirrhosis, and bony involvement could be ruled 
out — the test showed motastases in all of oui* cases. 

3. Normal phosphata.se, howevei-, does not rule out liver metastases. 
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PULSATING HEMATOMA, FALSE ANEURYSM, AND ARTERIOVENOUS 
FISTULA DUB TO WAR INJURIES 

Lieutenant Colonel Herbert Conway, New York, N. Y., and 
Lieutenant Colonel George Plain, South Bend, Ind., 

]\Iedical Corps, Army op the United States 

T his presentation is not meant to be an exhaustive treatise on the subject of 
vascular injuries and their sequelae in battle casualties. Rather, it is an 
analysis of experience with vascular injuries on the surgical service of this gen- 
eral hospital in the Southwest Pacific Theater of War to which casualties were 
admitted from the campaigns for the Philippine Islands. Pour thousand 
and forty surgical battle casualties (wounded in action) were admitted to 
this general hospital over a five-month period of time from Oct. 25, 1944, 
until March 25, 1945. Included with these were twenty patients with severe 
injury to the peripheral vascular channels of the torso or extremities resulting 
in false aneurysm, pulsating hematoma, or arteriovenous fistula. The incidence 
of traumatic vascular lesions of the peripheral circulation in this series of cases 
is .49 per cent. The types of vascular lesion are listed in Table I. 

The diagnosis in these eases, the surgical management, the presence of com- 
plications such as nerve injury, contracture of joints, or secondary hemorrhage, 
and the indications for surgical intervention presented a variety of problems, the 
solutions of which were intensely interesting as well as challenging. Bearing in 
mind the dictum that, in the management of vascular injuries, operation should 
be postponed until collateral circulation has been established so that major 
vessels may be ligated and divided safely, attention was directed primarily to- 
ward the healing of wounds and the establishment of collateral circulation. 
However, it was necessary to operate upon fifteen of these patients at this gen- 
eral hospital. Early operation was performed only in those patients in whom 
external or internal hemorrhage endangered life or the viability of an extrem- 
ity, in those in whom contracture developed rapidly, or in those in whom there 
was progressive paralysis of peripheral nerves intimately in association with 
the vascular lesions. 

In these twenty patients in whom arteriovenous fistula, false aneurysm, or 
pulsating hematoma developed as a result of war wounds, the majority of the 
injuries were caused by small caliber bullets or small shell fragments. Eleven 
of the vascular tears were caused by Japanese artillery shell fragments, five by 
Japanese .25 caliber rifle bullets, one by a .30 caliber rifle bullet, two by .31 
caliber Japanese machine gun bullets, and one by a .50 caliber machine gun 
bullet. 

' arteriovenous fistula 

There were ten arteriovenous fistulas. Seven of these were caused by 
Japanese artillerj’- shell fragments, two by Japanese .25 caliber rifle bullets, one 

' Received for publication, July 2S, 1945. 
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Table I. Types of Vascui-aii Lesions 


LOCATIONS 

number of cases 

Arteriovenous aneurysm 

8 

Arteriovenous aneurysm and secondary pulsating hematoma 

O 

False aneurysm 

4 

False aneurysm and secondary pulsating hematoma 

2 

Pulsating hematoma 

4 

Total 



by a .30 caliber bullet. Hemorrhage from the wound at the time of injuiy was 
severe in three patients, mild in six, and insignificant in one. The diagnosis 
was established by the detection of a to-and-fro murmur at the site of swelling 
prior to admission to this hospital in only five of the patient.s. In three the diag- 
nosis was established for the fii'st time on the da}' of admission to this hospital 
and in two the Inmit was not heard until hvo weelcs after admission and approx- 
imately four weeks after injury. In these rases the area of tlie swelling was 
examined with a stethoscope but no bruit could be heard in the early weelcs 
following injury. As the days passed, a to-and-fro murmur became audible and 
inereasingljr intense, coincident with the development of venous dilatation. 
It is thought that these were cases of imlsating hematoma which subsequently 
developed into arteriovenous fistula. In three eases a metallic foreign body had 
been removed from the extremity piior to the admission of tlie patient to tliis 
hospital. Debridement had lieen done in the forward areas on only one of these 
wounds. 

Listed in Tal)le II are the locations of tlie arteriovenous fistulas or aneiuysms 
between concomitant arteries and veins. 

Table II. Locations of Autekiovenoi s Fistulas ok Aneukysms 


LOCATIONS num ber OF CASES 

External iliac artery and vein 1 

Femoral artery and vein, middle third 3 

Femoral artery and vein, upper third 1 

Posterior tibial artery and vein, middle third 2 

Posterior tibial artery and vein, lower third 1 

Internal carotid artery and jugular vein 1 

Brachial artery and vein, lower third 1 

Total “ iO 


CASE REPORTS 

Arteriovtnmis Aneurysm of ihe Posterior Tibial Vessels 

Case 1. — A 27-year-old infantryman was strurk in the left leg by a ,25 caliber Japanese 
rifle bullet on Oct. 20, 1944. Tlie missile entered the po.sterolateral aspect of the calf in its 
middle third and lodged subeutaneou.sly on the medial aspect of the calf at the same level. 
Surgical debridement was not done but the wound was dressed with sulfanilamide powder. 
On November 0 the bullet was removed under local anestliosia. Soar of the operative incision 
is shown in Fig. 1, A. Troublesome hemorrhage from the wound was controlled by suture 
of the incision. Twenty-four hours after this operation, sedation by morpliine was necessary 
because of pain about the operative site. On e.xamination at this hospital on November 2<, 
there was a palpable thrill over the elevated tissue about the scar on the medial aspect of the 
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calf, A to aud-fio bunt could be heard o^<r tbK urea. The dof.-ali*- pcdi*- and posterior 
tibial pulse'- weie paliieble. There \\a'! no dilTeienee in the blood pressure in tlie two lower 
extremities, Ovrgen satuiations of spei imn.-* ol venous blood •fioin the right and left 
femoral reins were 00 and 70 rolumes pei cent, icspcetirelr. Teleroentgenogianis of the heart 
taken at a si,\ foot di.stani e showed no cardiae cniaigcment and no change in cardiac diameters 
when the fistula was compressed The p ilse rati diopped from 80 to 74 beats per minute 
when the fistula was coropressed. Blood pressuri before manual occlusion of the arterio 
renous fistula was 120/<>4 and after occlusion it was JdO/70. There was hr pore.sthesia orer 
the dorsum of the left foot. Progiessire iiurea'-' in the dcgiee of srrelhng rras noted. In 
preparation foi opeiatiou the popliteal arteiy w.u compressed against the iiead of the tibia 
for fifteen minutes foiii tunes a day. On .Tanuuiy 0 the lesion was excised at operation. 
Fig, 1, 7> is a photogiaph taken at the operating it ble. The artorioronoiis fistula represented 
a communication between the posteiioi tibial aiteyr and sereial adjacent reins. The opening 
in the artery was at a jioint just disttil to the br.in hing off of the posteiior peroneal arterr. 
The fistula had enlaigcd to an ancuirsm measmin^ onb iiiidi in rertical and one half inch in 
transrerse diameters. Three reins < omiminicated wi h the aneuirsni on its proximal end^ and 
distally theie rreie four i ommunicating reins. Tli in-,terioi tibial iieire rras adhoroiit to the 
aneurysm but its confinuitv was intact and theie r no iicuioma. Tlie aiieiiirsm was excised 
altei secure ligatuie of the afteieiit and ctleient . ’■teiies and reins. It was interesting to 
note tliat measurements of tlie diamctcis of the aiiirr and the largest rein were as follows; 
pro.ximal arterr tg inch, pioximal rein Vi inch, di tal artery ;,',4 inch, distal rein Vj inch. 
After excision of the lesion the distal stump of t u posterior tibial artcrj pulsated forcibly. 
The circulation in the foot wa« so good following operation that block ot the lumbar sympa- 
tlietie ganglia rras not deemed netessarr. The pirient made an unerentful recorerr* and 
rras transferred to the I'luted States foi furtliei < onrnlosi once two weeks after opeiation. 

Ill tlii-s cii.se the bniit undoubtedly was jifcsent from the time of in,]iu'y and 
the operative removal oE the Inillet probabK was the cause of secondary enlarge- 
ment of the aileiiovenous fistula. 

Aitenoifiiouf. Jiuutysm of the PoAatot Ttbutl 1 Jl'illi HuOseqiitiit Huplute nntl Ihe 

Pf lelojiiiifiit of S((ondary Pult^nlmy Hemdomn 

CrsE 2. — An infantirman rras Aruck m the middle third of the lelt leg hr an artillerr 
sliell fragnient on .Jan. .1, 194.1. Hemoirluige from the rround rras slight. Fir.st-aid treat- 
ment rras giren but debridement rras not done. The diagnosis of artenorenous fistula of the 
posterior tibial ressels rra- made at a field hospital on the sereiifecnth day after injury. The 
patient rvas admitted to this hospital one month altei injuiy. There was a to and fro brud 
orer the posteiior aspect of the left leg in its middle one-tlurd. The pulses rrere normal m 
the foot. Tbeie rras no disturbance of function of the peripheral neires. The pulse rate de 
creased from llfi to 9() beats pei minute on compression of the fistula. Teleroentgenograms 
taken at a six foot distance .sliorred no abnorniahtr of cardiac diameters either before or 
after manual occlusion of the fistula. Oxygen saturation ot the femoral renous blood rras 
(i4 rolumes pei cent on the uftected side and 4() on the normal side. On the tlurtr -fourth dar 
after injury the patient (omplaincd of pain in the calf for the first time. There was obrious 
met ease m swelling of tlie calf. The doisalis pedis and postenoi tibial pubes were still 
palpable. At opeiation on Febrnarj Iti the specimen shown in Fig. 2 was reniorcd. The 
sudden attnik of pam in the calf was explained br a secondary rupture of the arteriorenous 
fistula. The constiietmg inusculatuie of the «oleus and gastrocnemius muscles accounted foi 
the curious lioui glass contour of this artenorenous aneuiysin and pulsating hematoma. The 
older aneurrsm lar between tlie nmsculai lareis of the tibialis posticus and the soleus while 
the communicating hematoma was encapsulated betrreen the soleus and the gastrocnemius 
musi les. The lumbai srmpathetie ganglia rreie blocked with novocain befoie the patient 
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left the opcrsiting room. Cireululion of the atrcctcul e.vtremily wa.s ideal but the i)ationt de- 
veloped moderate eontracture of the Aehille.'! tendon and enibarhed for further convalejicencc 
in the United State.*! two month.'! after operation. 

Thi.s ca.se record calls Jittontioii lo the ]iossibility of .secondary rupture of 
traumatic arlcriovcuous aueurysins. The jiatieul u'as confined to bed at the time 
of the onset of the jiain which wa.s coincident with the secondary internal liemor- 
rhage. 



. 2 (Case — . . . - 'lowing- tlie specimen removed from patient. Tliis is an 

antenovenpus ane losterior tibial artery and several adjacent veins. The 

pins Identify the ■ ■ posterior tibial artery and communicating veins. The 

aneurysmal sac has an liourglass shape duo to the form.ation of llie original aneurysm which 
Immediately in communication witli the vessels and the upper move recent aneurj-sm -Which 
aeveloped at the time of- sccondar.v hemorrhage thirty-four days after the injury. The upper 
sac contained clotted blood. In the center of the lower sac, the openings into both arterial 
and venous channels can be- seen. 


-irteriovenpiiii Fistnta of the Posterior Tihial Vessels With Subsequent Pupture and the 
Development of Secondary Pulsating Hematoma 

C.tSE 'A . — A soldier was injured .Tan. 25, 3945, by a Japane.'ie .25 caliber bullet wliicli 
entered tlie posteiolateial aspect of tlie middle one-third of the left calf and made its exit on 
the lateral aspect of the medial one-third of the calf. There was severe hemorrhage at the 
time of the injury. Tliere were no fractures or nerve injuries. He complained of pain from 
that time on and was admitted to this hospital on Feb. 11, 1945, with the classical signs and 
.'!ymptoms of arteriovenous fistula at the middle one-third of the left calf on its medial aspect. 
The diagnosis of the vascular lesion was established at the time of admission to this iiospital. 
Tlie extremity is shown in Fig. 3, A. There was a moderately distant to-and-fro murniur, of 
which the patient was conscious. Tlie radial puhse was So per minute. After compression of 
the aneurysm it was 70. Oxygen .saturation of the venous blood from the affected leg was 02 
volumes ppr cent, and 51 from the normal side. He was kept in bed in tliis hospital and the 
popliteal artery wa.s compressed for fifteen minutes four time.s each day. On Mareli 5, while 
awaiting evacuation, the patient had sudden sliarp pain in liis calf and that area became 
more swollen. The doi-.sabs pedis and posterior tibial pul.scs no longer could be palpated. 
With the diagnosi.s of internal bleeding from the arteriovenous aneurysm the calf was ex- 
plored on March G. a \ ertical inei.sjoii was made over the medial aspect of the calf 
Jiosterior to the tibia. There was a large pulsating swelling 4 liy 0 cm. in size, occupying 
a space between the .soleiis mii.scle and the tibialis posticus grouii. The posterior tibial 
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nerve was intimately adherent with this mas.-.. The mass was almost exactly in the mid- 
portion of the calf. In an .nttempt to dissect around the aneurj'.sin and to define the 
efferent and afferent arteries iuul veins, the thin-walled aneurysmnl sac was broken into. 
Thick clot and fie.sli blood gushed forth. Tourniquet was applied and the di.s,scction was 
continued. It nas found that there was .-iimc shredding of the fillers of the margin of the 
posterior tibial nerve but that its continuity was- intact. The proximal artorj" measured 
onh- 2 mm. in diameter and the proximal rein was 3 mm. in (iianicfcr. The distal artery 
and vein were of .similar size. 'I'lie eonimnnicatnig opening in the artery was 1 cm. long. 
The aneurysmal .sac was composed of two portions, a small .sac measuring 2 by 1 cm. which 
apparently had been formed by the liniilations of the tibiali.s posticus muscle and a 



4 . B. 

Fig. 3 (Case 3 ). — Aj Photograph shooing the degree of .swelling of the left calf due to 
arteriovenous fistula between the posterior tibial arterj' and vein. Injury was caused by a 
Japanes .25 caliber bullet which entered the posterolateral aspect of the left calf in its nud- 
die one-third. The scar represents the point of exit. The fistula had formed a false aneun'sm 
2 cm. m diameter between the tibialis posticus and the soleus muscles. Although the Patiem 
had been kept in bed, the arteriovenous ancurj-sm had ruptured thirtj’-ninc days after th® 
original injury. E.\tending from the ruptured arteriovenous aneurysm three was a pulsating 
hematoma approximately 4 by 6 cm. in size lying in the fascial plane betoken the sojeus 
and gastrocnemius muscles. The apparent foot drop is due to contracture of the tendo Achilles. 
There was no associated nerve injurj-. 

B, Photograph of specimen of arteriovenous aneurysm of the posterior tibial arter.y and 
vein. The vires are inserted into the artery (right tag) and vein (left tag) which are trans- 
versely placed. The vertical probe demonstrates the arteriovenous communication. The aneu- 
rysm has an hourglass shape due to tlie fact that the lower, smaller sac which contained circu 
lating blood bad ruptured on the thirty-ninth day after injury- to give rise to the upper tmn- 
walled sac which was filled with clotted blood. The lower sac was limited in its develop 
ment by the confines of tiie tibialis posticus muscle fibers while the upper, larger sac lay 
the plane between the gastrocnemius and the soleus muscles. 
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larger more recent sac 5 by 4 cm, in size between the solous anti gastrocnemius mus- 
cles. The specimen is shown in Fig. 3, T>. This larger sac was lilletl with clotted blood. 
Apparently it had developed uhen the patient experienced pain tlie day before operation. 
Quadruple ligation was done with zero black silk. The ancury.sm and it.s adjacent ves.sels 
were excised. The abnormal arteriovenous communication ^was of the posterior tibial artery 
and vein at a point between the muscular branches and the ])osterior malleolar branch. The 
patient convalesced unetentfully except for the development of modenifo contracture of the 
Achilles tendon. He was transferred to the United States for rest and leciiperation forty-three 
days after operation. 

The sequence, of events and the patliology in this ca.se arc almost identical 
with those in Case 2. 

Arterhvenmis Ancuiysm of the Brachial VcKselx; T’a}tial Paralysis of the Median Nerve 

Case 4 . — A 25-year-old infantr 3 'man was struck in the lower third of the left arm by a 
■25 caliber Japanese rifle bullet on Feb. 24, 1945. Severe hemorrhage, from the wound 
was treated bj' compression dressing. The patient was conscious of a whirring sensation in 
his arm just above the elbow at the time of admission to this hospital on March 24. There 
was a "machinery murmur" and a palpable thrill over the medial aspect of the lower third of 
the arm. Compression of this area did not alter the resting pulse rate of 80 per minutCj the 
blood pressure (which was 120/80), or the cardiac diameters as demonstrated by teleroentgeno- 
grams taken at a distance of six feet. Oxygen saturation of venous blood taken from the 
cephalic vein on the affected side was 85 volumes per cent and on the normal side it was 45. 
Examination of the hand showed impairment of function of the sensory and motor components 
of the median nerve. There was slight sccondarj* enlargement of the compressible swelling of 
the arm on April 14, forty-eight days after injury. At operation, April 16, an arteriovenous 
aneurysm between the brachial artery and two adjacent veins was e.xcised. The opening in the 
arterj' was just distal to the origin of the superior ulnar collateral artery .and it was not 
possible to save that important vascular branch. The aneurysmal dilatation extended for a 
distance of 3 cm. along the tract of the missile. The median nerve was firmly bound to the 
aneurysm by fibrous tissue. A small neuroma was excised from this neive. ' The aneurj'sm 
was removed by quadruple ligation and e.xcision. The ligated distal end of the brachial artery 
pulsated but the radial pulse was not palpable until twentj'-four hours after operation. The 
circulation in the hand was excellent following operation. Novocain block of sympathetic 
ganglia was not necessary. Although the condition of the arm and hand were approximately’ 
normal, it was necessary to transfer the patient to the United States for convalescence from 
associated thoiacic injury. 

r 

Arteriovenous Fistula Between the External Iliac Artery anil Vein 

Case 5.— A 2fi-year-old infantryman was injured on pec. 7, '1944. A .30 caliber enemy 
. rifle bullet struck the Browning automatic rifle which he. was carrying. Fragments of the 
bullet amputated the distal phalanx of his right ring finger and entered the tissues of the right 
groin. Immediate hemorrhage from the wound W'as slight but the patient recalls the gradual 
development during the next few days of a painful swelling in the groin. Within a few houis 
after injury he was treated at a clearing station where metallic fragments were removed 
from the wounds and the saphenous vein was ligated. December 24, he was admitted to the 
hospital, the wounds appearing as shown in Fig. 4, A. Thick-split grafts were applied to the 
wounds promptly. The appearance after grafting is shown in Fig. 4, B. Tlie loud to-and-fro 
murmur and the thrill were maximal in intensitj- just above the inguinal ligament. Oxygen 
saturation of venous blood was 70 volumes per cent on the affected side and 45 on the normal 
side. There was no impairment of nutrition of the foot and the peripheral pulses were palpable 
though weak on the side of the affected leg. Direct compression of the fistula was reflected 
in a drop in pulse rate from 74 to 62 per minute and a change in blood pressure from 
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120/50 to 120/70. Tliis iiiiineuvcr, liowcver, did not elTccf any cliange in cardiao diameter.'! 
as shown by teleroentgenograms made at a distance of .six' feet. During the period while 
this patient was awaiting evacuation to the United State.*!, the circulation in the fi.*!fu]a wa.*! 
occluded for ten-minute periods four times daily by direct pressure on the abdominal aorta. 

In this ease there was no episode of stcondary Idceding and therefore no 
indication for operative intervention wltile tlte ])atient was in this ho.spital. 
Interest in this ca.se centers on the fact that, altliough the fi.stnla was a large 
one, still there was no sign of development of carditic dilatation during the 
three and one-half montli period of observation. Also, it was interesting to note 
that thick-split grafts afforded protection against extcj-nal hemorrhage. 



Fig. 4 (Case 5). — A, Furrowed wound of the groin cau.sed bv a .30 caliber bullet. Just 
above the upper wound, there was a pali)able thrill and a loud "machinery” murmur. Se- 
cause of the danger of severe secondare lieniorrhagc, tlie wound was skin grafted promptiv. 
B, Showing the appearance of the wounds after application of thick-split grafts. X marks 
the point of maximal intensity of tlie murmur. 

Arieriovenous Fistula of the Femoral Vessels, UiHicr Third 

Case 6. — A 25-year-old infantryman was injured in the left upper anterior thigli by 
Japanese 90 mm. mortar shell fragments!, Jan. 24, 1945. There was severe heniorriiage from 
the wound at the time of injury. Within two hours debridement was done at an evacuation 
hospital. He was admitted to this ho.spital on Feb. 11, 1945. The wound was healed and 
there were no symptoms, but swelling in tlic left femoral triangle was associated with the 
charaeteristie signs of arteriovenou.s fistula. The diagnosis was established for the first time 
at this hospital. Oxygen saturation tests of the blood were not done but Branham’s sign was 
positive. The pulse rate dropped from 88 to 68 on manual compression of the fmtula. 
Teleroentgenograms showed no cardiac enlargement and no change in cardiac dimensions after 
compression of the fistula. The peripheral pulses were present in both feet and nutrition of 
the foot on the affected side was norniai. Collateral circulation was encouraged by frequent 
compression of the femoral artery against the head of the femur proximal to the fistula. There 
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was no secondary swelling and no oilier indication lor operative intervention at this station. 
The soldier was transferred to the United States for further care lliirtj’-live days after 
admission. 

Arteriovenous FistuJa of Internal Carotid Artery and Jiiyular Fein 

Case 7. — A 2<3-ycar-old infantryman was struck by an enemy shell fragment in the right 
side of the neck on .Tan. MO, 1945, The .shell fragment entered the neck just anterior to the 
upper third of the sternocleidomastoid muscle and lodged lateral to the body of the third 
cervical vertebra. There was significant hemorrhage from the wound. Emergency cure was 
given at a field hospital where the diagnosis of arteriovenous fistula was made one day after in- 
jury. The characteristic to-and-fro murmur was heard over the upper portion of the anterior 
cervical triangle. Compression of the fistula was reflected by a drop in pulse rate from 8.S to 
84 and a rise in blood pressure from 120/80 to 180/85. Teleroentgenograms taken at a six- 
foot distance .showed no cardiac dilatation and there was no variation in cardiac dimensions 
after manual obliteration of the fistula. The patient was conscious of a buzzing sensation 
in the right side of the nock. The optic fundi were norm.al. There was no venous dilatation. 
There were no episodes of pain or secondary swelling and no indication presented for early 
surgical intervention. The .patient was transferred to the United States for further care. 

Arferioue7ioa.'! Fistula of the Femoral Vessels in Their Middle Third 

Case 8. — A 2S-year-old private in a chemical battalion suiTci’cd multiple wounds of the 
light thigh from Japanese artilleiy shell fragments, Jan. 20, 1945. Tliere was mild hemor- 
rhage from the wounds. Early ti nitmcnt consisting of sulfanilamide dressings was carried 
out at a clearing station within one hour after injury. The diagnosis of arteriovenous fistula 
was made on a hospital ship enroute to this ba.se. On admission to this ho.spital on February 
25, e.xamination .showed that the wounds were healed. The bruit and murmur characteristic 
of arteriovenous fistula were present over Hunter’s canal in the middle third of the thigh. 
There was no significant dilatation of the veins of the affected leg. Branham’s sign was 
positive; the pulse rate dropped from 96 to 80 on compression of the fistula. There was no 
cardiac dilatation as measured by teleroentgenograms taken at a distance of six feet and com- 
pression of the fistula did not cause any change in cai’diac dimensions. The patient was 
given regular treatments consisting of compression of the femoral artery against the head of 
the femur for twenty minutes every four hours until April 18, the date on which he em- 
barked for the United States by hospital ship. 

In tins case there was no sign of secondary i-upture of tlie fistula and no in- 
dication for early surgical intervention. 

Arteriovenous Fistula of the Femoral Vessels, Middle Third 

Case 9 . — A 2o-year old sergeant, attached to a tank battalion, was wounded in the right 
thigh by fragments of a Japanese hand grenade on Feb. 7, 1945. TJiere was severe hemor- 
rhage from the wound of entrance over the anterior aspect, middle third of the right 
thigh. He was treated at an evacuation hospital and transferred to this base via ]io.spital ship. 
The diagnosis of arteriovenous fistula was made for the fust time on admi.ssion to this 
hospital, February 27. /The patient was conscious of a buzzing in the thigh and complained 
of constant mild pain ik the thigh. Evidence of nerve damage existed in that there was loss 
of dorsiflexion of the great toe. Branham ’.s sign was positive, the pulse rate dropping from 
92 to 80 after compression of the fi.stula. Begular vascular e.xercises to promote collateral 
circulation were given |\s in Cases 7 and 8, and the patient embarked via hospital ship for 
the United States on aWiI IS. 

Arteriorenou.: Fistula of the Femoral Vessels, Middle Third; Division of 
the Saphenous Kerve 

Ca.se 10. — A corjJoral in the Philippine Array w.as wounded by artillery .shell fire on Oct. 
23, 1944. InformatioiJ regarding treatment prior to admission to this ho.spital was incomplete. 
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the records revealing only tliat the wounds were dressed and sulfadiazine was administered. 
On Isovember 2 , physical examination snowed that the wound of entrance was on the medial 
aspect, middle one-third of the right thigh, and that tlic wound of exit wa'- on the lateral aspect 
of the tliigh at the same level. There w rs flexion contracture of the knee as shown in Fig. 5. 
Within a few dajs the wounds were healed. There was a palpable tlirill and a loud to-and-fro 
murmur oior the medial aspect of the middle third of the thigh. Compies'-ion of the femoral 
aitery against the head of the femur lauscd the bruit to dhappoar. Compre.'.sion of tlie 



Fig. o (Case 10). — Photograph showing tlie degree of flexion deformity of tlie toe 
caused by arteriovenous fistula of the femoral arterj- and vein im their middle tliiros. roe 
patient is holding the right knee in full active extension. j 


fistula itself was followed by a drop in pulse rate from 96 to SO per minute and hy o t'isc m 
blood pressure from 102/60 to 112/62. However, teleroentgenograms taken at a distance of 
six feet after compression of the fistula showed no difference in the measurements of the 
cardiac shadows. Theie was no cardiac dilatation. The \ems of the lower leg were dis- 
tended. The popliteal, dorsalis pedis, and posterior tibial pulses were palpable. For thirteen 
weeks prior to operation, the patient was treated by frequent compres.sion of the femoral 
artery against the head of the femur in order to promote the development of collateral circula- 
tion, The patient was necessarily held in this hospital pending orders from the Philippme 
Army for his transfer. At operation, January 31, the fistula was found to have developed 
batween the femoial arterv and vein at a point just proximal to the highest genicular arterj. 
The fistula had undergone aneurysmal dilatation. It mea.suied 2.7 cm. in transverse diameter. 
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Tliero wore a luiinber of collateral veins which coniiminicaled with it. The continuity of 
the saphenous nerve had been inter nipted by the missile and the frayed ends of the nerve were 
adherent to the fibrous sac of the aneurysm. Quadruple ligation and excision of the ancury.'.ni 
wore done. Incision of the .specimen showed that in it there were several loose clots. The 
saphenous nerve was sutured. Novocain block of the lumbar ganglia on the affected side was 
done. The circulation in the foot was sati.sfactory after operation but on the fifth post- 
operative day the patient died- from a massive pulmonaij' embolus. Post-mortem examination 
showed that there was a thrombus in the femoral vein proximal to the point at which it had 
been ligated. 

In only two of these cases was tliere as.sociated impairment of peripheral 
nerve function. One of these tvas the i. ^ the brachial vessels which showed 
partial loss of motor and sensory function. median and ulnar nerves. 

In another ease there was complete division of the . mons neiwe in association 
with an arteriovenous fistula of the femoral vessels. liiis is of intere.st in mew 
of the fact that nerve injuries were more frequent -in the patients with false 
aneurysms in this series. Studies on the effects of the peripheral filstnla on the 
vascular sj’^stem showed that Branham’s sign was positive in nine of the ten 
liatients. In all of the ten there was persistent tachycardia ranging from a pulse 
rate of 80 per minute to 110 per minute. ' In the patients with femoral arterio- 
venous fistula the average drop in pulse rate following compression of the fistula 
was 16 beats per minute. In those with posterior tibial arteriovenous fistula 
the corresponding average was 12. In the one patient with external iliac arterio- 
venous fistula the drop in pulse rate on compression of the fistula was 12 per > 
minute. Compression of the fistula of the brachial vessels was not reflected in 
relv ivc bradycardia. These obs,er\'ations do not contribute any emdence to snp- 
nort the teaching that the size of the fistula and its proximity to the heart are 
in relationship to the degree of tachycardia present and to the degree of brady- 
cardia which follo\vs compression of the fistula. Moreover, at the time of ad- 
mission to this hospital (an average of twenty-one days after injuries were sus- 
tained) none of these patients showed cardiac enlargement or variation of cardiac 
diameters as measured hj^ teleroentgenograms talcen at a distance of six feet be- 
fore and after compression of the fistulas. It is clear from this evidence tliat 
the cardiac dilatation Avhich is referred to often as an invariable secondary ef- 
fect of arteriovenous fistula is not present soon after the development of these 
vascular abnormalities. The impression obtains that this complication develops 
slowly and progressively seeondarj^ to per.sistentl 3 ^ increased volume flow of 
blood through the heart. Pain in the involved extremity was a sjTOptom in 
four cases. Flexion deformity of a neighboring joint was a significant finding 
in onlj^ one of these ten eases. This observation is of interest in view of the 
fact that of the ten patients uuth false aneuiysms, five developed flexion con- 
tractures soon after injmy. The characteristic “machinerj’- murmur” or ”to- 
aud-fro bruit” was present on auscultation over the involved area in all ten 
cases of abnormal arteriovenous communication. In only four cases was the 
patient conscious of a thrill over the involved area. . In three of these patients 
there was an episode of increasing pain over the involved area with seeondarj- 
increase in regional swelling. The nnderl.ving pathologj- in these cases proved to 
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l)e an hourglass type of aneurysm due to soeondary ni])lure of the aneui^smal 
arteriovenous communication, the newly formed liematoma being limited in its 
development by the fascial sheaths of another anatomic plane. In five of the 
ten patients in Avhom specimens of venous blood wore taken from the involved 
extremity and from its fellow there was increased oxygen saturation on the in- 
volved side. In all patients attention was directed toward the development of 
collateral circulation by frequent compression of the artery proximal to the 
fistula. In three cases it was neee.ssary to operate because of the complication 
of seeondaxy swelling. In a fourtli case a .small fistula was exci.scd by quadruple 
ligation of the lower posterior tibial vessels and the ]xaticnt was returned to duty. 
The fiftli patient, who was operated upon, was a Philippine soldier who spent 
three months at this station awaiting tran.sportation to a hospital in the Philip- 
pine Islands. During this period collatci’al circulation was e.stablished by regu- 
lar periods of compression of the artery jtroximal to the fistula. The fistula 
then was excised. There were no peripheral vascular eonqxlications following 
surgical excision of the fistulas in these five patients. In two of them, how- 
ever, contracture of the Achilles tendon dcvidopcd following c.xcision of fistula 
of the posterior tibial vessels in their lower one-thii-d. (!)f the.se ten patients with 
arteriovenous fistula, five were transferi-ed to the United States for operative 
treatment and five were opei-ated upon in this general haspital without pei’iph- 
cral circulatory complications but with one death due to jxulmonary cmbolu.s. 
The average elapse of time between dates of injury and operation was sixty-one 
days. One of these soldiers was x-etm-ned to duty and two othci-s might have 
becix rctui-ned to duty except for the pre.scnce of as.sociatcd injuries which re- 
quired a ])rolonged period of convalescence. 

X’.VLSE .XXEUIXYSJI AXD PULS.VTIXG XXEMATOMA 

Since false aneuiysm and pulsating hematoma are comixlications .secondary 
to incomplete lacerations of arteries, these ca.ses have been grouped together in 
this presentation. There were ten cases in all. In three there were well-de- 
veloped false axxeuxysms which had ruptured secondarily with resultant forma- 
tion of a secondary pulsating hematoma. Four were examples of false aneurysms 
with well-developed fibrous sacs containing cix-cnlating blood. In three patients 
with pxxlsating hematoma, the clot had plugged effectively the tangential tear 
of the artery and had not yet undeigone liquefaction. 

The surgical management of these patients presented a variety of problems. 
While awaiting the development of collateral circulation the indication for op- 
eration presented xvhen sudden pain and increased swelling about the vasexxlar 
lesion iixdieated that a .secondary hemorrhage into the tissues had taken place. 
This oecuri’ed in five of the ten cases. In three of those the swelling was of such 
degX'Ce that pulse.s pex'iphex'al to the lesions were no longer palpable. In these 
cases operatioxx was performed as an emergency pi-ocednre. In a sixth case, Ixrisk 
henxorx’hage from a gi’anulating woxnid overlying a false aneiiiysm necessitated 
exploration. Progressive dy.sfunetion of involved ixeriphei'al nerves constituted 
the iixdication for opei'ation in tlix'ee additional patients. In the tenth case a 
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small aneurysm of the brachial artery was discovered during ojieration as neurol- 
ysis of the median nerve M’as being done. 

Five of these incomplete arterial lacerations wei'c caused liy .small artillery 
.shell fragments. Two were caused by .25 caliber .Tapanese rifle bullets, two by 
.31 caliber Japanese machine gun bullets, and one by a .50 caliber machine gun 
bullet. In all eases the missiles were small. Immediate hemorrhage from the 
wound was mild in nine patients and .severe in one. The diagnosis was made 
prior to admission to this hospital in only one case. This is explained easily 
since it has been our observation that the systolic bruit characteristic of pulsat- 
ing hematoma and false aneurysm may not be jiresent in the early days follow- 
ing injury. It has been observed that the true pulsating hematomas, those in 
which the clot has not liquefied, give rise to a bruit which is only faintly audible. 
As the false aneurysmal sac forms and the clot liquefies, the bruit becomes more 
intense. In all of these ca.ses of false aneurysm and pulsating hematoma, pre.s- 
sure on the bell of the stethoscope caused the bruit to disappear and the distal 
pulses to be no longer palpable. The average number of days which elapsed 
hetiveen injury and diagnosis was seventeen. 

Five of these vascular lesions were of the brachial. artery, one urns in the 
second portion of the axillary artery, one was of the radial artery, one was of 
the posterior tibial artery, one was of a muscular branch of the femoral artery, 
and the tenth aneurysm arose from the ulnar artery. 

CASE REPORTS 

Falie Aneurysm of the IlaAial Artery With Impairment of Function of the 

Median Nerve 

Case 11. — A 19-year-old infantryman sustained a penetrating wound of tlie left fore- 
arm from an enemy hand grenade fragment on Bee. 17, 1941. Debridement was done at a 
clearing station and the soldier was admitted to this hospital Jan. 7, 1945, at which time 
the diagnosis of false aneurysm was made. Painful .swelling had been noted since the second 
day after injury. There was an expansile, imlsating swelling 4 cm. in diameter over the 
radi.al .side of the middle third of the flexor surface of the right forearm. The arm is shown in 
Pig. 0, A. There was a .systolic bruit over this swelling and pre.ssure on it caused obliteration 
of the radial pulse. There was hyperesthesia over the area of the hand supplied by the 
median nerve and movements of the fingers were coarse. Por this reason the lesion was ex- 
posed at operation on Jan. 24. The median nerve was embedded in fibrous tissue around the 
false aneurysm which was 2.5 cm. in diameter. A photograph was taken at the operating 
table (Pig. G, B). It was noted that the artery measured only 2 mm. in diameter proximal 
to the aneurysm but was 3.5 mm. in diameter distal to the aneurysm. Despite the thin 
fibrous coat which constituted the aneurysmal sac, it was possible to dissect it out com- 
pletely and to excise it with a segment of artery. The concomitant vein was ligated and 
divided. Examination of the specimen showed that the rent in the artery was 3 mm. in di- 
ameter. The sac contained a central clot and free blood peripherally. Tliere were no striae 
lining the false aneurysmal sac as is seen in similar lesions which have been present for a 
longer time. Pollowing e.xcision of the lesion, the radial pulse was palpable at the wrist. 
The soldier was given intensive physical therapj' to the liand and was returned to duty at 
his own request on May 1, with full function of the hand. 

False Aneurysm of the Brachial Artery With Compression of the Median Xerre 

Case 12. — A 34-year-old infantryman wa.s struck in the left arm on Oct. 25, 1944, by a 
.25 caliber .Tapanese rifle bullet which entered the anteromedial surface of the arm and made 
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its exit fiom the posteromeclial surface. There «a', an expansilCj pulsating spelling o\er 
the medial aspect of the middle one thud of the left arm and a fairly loud sistolic bruit 
could bo heard oier this area. Pressure on this sHoHing caused obliteration of the pulses 
distallj. The patient complained of pain at the sue and there a as Jimitation of e.xtcnsion 
(20 degrees) of the elbon Blood pressme t.iKcn at the right arm a as 115/70, uhile on the 
left it lias 70/40. Because of the piogie=sue ainsthcsia of the palm, the patient uas op 
dated upon Deceiiiber 15 The median none uas found to be firmly adherent to the fibrouv 
mass nhich lepre'-ented the false aneui}-'m The iKnc uas dissected auay and was found to 
bo intact. The aiieurjsni, ulueh uas 4 mi. in diami ter, aro'.c from the brachial arter\ just 
distal to the point at uliicli the suporioi ulnar collati ral branch aimes. Bj careful dissection 
it uas possible to presene this branch a*- the inxohed segment of brachial arterj uith its 
aneurism Mas excised. PolloMing excision the ladiai pulse uas faintly palpable. The con- 
comitant xein was ligated and dnided. Xoxocam block of tlie ceriical sjmpatlictic ganglia 
Mas done The patient made an uneiontfiil recoierj and embarked for the United States on 
Dec. 30, 1944. 

A. 



JB. 

Fig 6 (Case 11) — A, SMcUing of the fltxoi suiface of the forearm due to false 

aneurjsm of the ladial arterj i’. Photograph taken after dissection of the \asouIai 

at operation Tlie gauze tape on the left supports the radial artery proximal to the false 
aneuijsm while that on the right supports the same arterj distally. Note the variation in 

diameter of the aitcn proximal to and distal to the aneurjsm The lowermost gauze tape 

retracts the median ner\e while the silk sutures are placed around adjacent veins. 
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False Aneurysm of ihc Brachial Artery in Associalton IFit/i Mcduin Nerve Paralysis 

Cask 13. — A 25'yoar-old soltlier lisul been stniclc in the left iirm bj' artillery shell frag- 
ments on Feb. 28, 1945. Examination showed almost complete paralysi.s of the median nerve. 
At exploratory operation it was found that the median nerve was adherent to a pulsating 
mass which projected from the brachial artery. Tliis anoury.sm was only 4 mm. in diameter. 
The adventitia of the artery was successfully plicated over the aneurysmal bulge with five 
silk sutures. A small neuroma was excised from the median nerve. The patient was trans- 
ferred to the United States on April 18, 1045. Function of the hand had improved remark- 
ably. 

False Aneurysm of a Muscular Branch of ihc Femoral Artery Causiny F.xsanyuinatiny 

Kxlenial Ilcmorrhagc 

Case 14. — An infantryman was injured in the left leg by enemy shell fragments on 
March 7, 1944. There was a deep wound of the soft ti.s.Mie.s of the anteroniedi.al aspect of 
the left thigh and there wore compound fractures of the tibia and fibula on the same side. 
Debridement of the wounds was done at a medical regiment. It was stated in the record that 
at that time “a largo clot was disturbed in the wound of the upper thigh causing profu.se 
bleeding.” The patient was admitted to this hospital with the leg in a plaster cast March 16. 
Inspection of the wounds of the lower leg showed that it was exuding gas bubbles and foul- 
smelling pus. Clostridium welchii was recovered. Incision and drainage were instituted. 
Tho wound of the upper thigh was not contaminated with CL welchii. On March 20 there 
was an exsanguinating hemorrhage from the wound of the upper thigh. Emergency explora- 
tion revealed that tho source of the hemorrhage was a ruptured false aneurysm which arose 
from the muscular branch of the femoral artery which supplies the vastus mcdialis. The 
aneurysm was 2 cm. in diameter. The artery and the aneurj’sm were excised. The patient 
made an uneventful convalescence from both conditions and was transferred to another 
hospital on May 10, 1944. 

False Aneurysm of the Brachial Artery With Secondary Buyture and Formation of Adjacent 
Pulsating Hematoma; Partial Paralysis of the Median Nerve 

Case 15. — A 27-year-old infantryman was struck in tlie left arm by mortar shell frag- 
ments while on a landing barge, Oct. 20, 1944. There was only slight hemorrhage from the 
wound. The soldier was admitted to this hospital on October 25. Examination sliowed that 
tho left elbow was held at right angle flexion and there was a tense, expansile swelling of 
the lower third of the arm. A systolic bruit could be heard over tliis area. Tlie degree of 
swelling is shown in Fig. 7, A. Tliere were signs of impairment of function of the median 
nerve. The patient was kept in bed with the left arm in a sling. Despite these precautionary 
measures -the patient experienced severe pain in the arm on November 10, twenty-one days 
after injury. Examination showed that the swelling of the lower arm had increased so that 
tlie tissues were quite tense. The angle of flexion at the elbow now had become acute. The 
radial and ulnar pulses were no longer present. The bruit had diminished in intensity. 
Ecchymosis of the tissues of the arm developed. At operation the dissection was made diifi- 
cult by reason of the fact that, as the bracliial artery was identified proximal to tlie lesion, 
tiie entire vascular tree of the arm went into vasospasm. The fascial sheath of the biceps 
bracliii was distended by a tense mass and the tissues of the region were ecchymotio. Tlie 
median nerve was adherent to tliis mass, whieli was limited anteriorly by the fascia of the 
biceps and infeviorly by the laeertus fibrosus. With gauze tapes securely placed around the 
artery proximally and distally, a tense hematoma measuring 8 by C cm. in size was broken 
into. Sixty cubic centimeters of clotted blood escaped, exposing a false aneurj’smal sac 4 cm. 
in diameter. This had arisen from the brachial artery between the points at which the su- 
perior and the inferior ulnar collateral arteries arise. Tlie opening into the brachial artery 
was 1 cm. in its greatest diameter. The pathologic picture is demonstrated in the artists 's 
sketch shown in Fig. 7, B. This case would have been an excellent one for the Matas endo- 
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Fig. 7 (Case 1.',). 
due to false aneurism. ^ 
photograph was taken befor 


S. 


the swellii.jr of the lower third of tlie arm 
5 re'^tlie^dD?*i holding the elbow in full active extension. This 
B Artist's sketri 1 tievelopment of secondary swelling, 

to form a pulsating hematoma^ hiachial artery which had ruptured 
and the lacertus flbrosus Xote* thaf^tio *ts size by the fascial sheaths of the biceps brachn 
midway between the points o^ori>ifn '♦J ' aneurysm arrses from the artery at a point 
The sac of the false aneuri sm a Vn ^ J!*? superior and inferior ulnar collateral branches, 

striations, an effect of the wh"ripooI of^bloocfwTthln'il" showed circular 
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uncur.ysmoriliax)liy but since liex)nriii was not available, the entire arterial segment between the 
suiierior ulnar collateral and the inferior ulnar collateral was excised. The concomitant vein 
was ligated and divided. At the close of the ojjcialion, the hand was cold though its color 
was good. Injection of novocain into the .stellate ganglion was followed by retuin of warmth 
to the hand. The patient made an uneventful convalescence and was tiansfcired to the 
United States on Uec. IG, 1944. 

The interesting feature of this case was that the secondary hemorrhage 
from rupture of the false aneurysm occurred while the ])atient was at rest in 
bed with the affected arm in a sling. 

False Anciuysm of the Frachial Artery ll'tth .Issociatcd Paialysis of the ^^t^lian Ncrrc 

Case 10. — A lO-yeai-old jvaiatioopei was wounded in the light arm by a fiagment of 
mortar shell, Feb. 5, 1945. The missile entered the medial aspc'’* of the lower third of the 
arm and lodged in the musculai tissue of the biceps. Theie was' only slight hemorihage from 
the wound of entiance. Eaily tieatmcnt was given at a station hosiiital. The diagnosis of 
pulsating hematoma was made at this ho.spital at the time of admission sixteen days after 
injury. During the next tliiee days the systolic biuit ovei the lower arm became nioie intense 
and the diagnosis was changed to false aneuiysrn. There was almost complete paralysis of 
the median neive. The radial xiulse was palpable. The lesting inilse late, which had been 
76 per minute, rose shaijily to 90 on Februaiy 27 as the patient complained of constant pain 
in the lower aim. Fig. S is the iihotogiapli taken on that date. Tlie biuit became less intense 



Fig. 8 (Case 16). — False aneuiysrn ot the lower thira of the biachial arterv with sec- 
ondary swelling due to second episode of hemorrhage. The elbow is held in ‘right-angle 
flexion. Note the bulge ot the granulating wound at the point of entrance of the shell 
fragment. 

following tiiis new episode of pain. The gianulating wound at the point of entiance of the 
missile bulged progressively and flexion deformity of the elbow became more marked during 
the next forty-eight hours. Because the radial pulse was obliterated by the swelling it was 
necessary to explore the aim at operation on Alaieh 1. The pulsating mass proved to be a 
false aneurysm of the biachial artery which contained four ounces of blood and blood clot. 
After securing the arteiy proximally and distally with tape, the tliin-wallcd sac was en- 
tered. The apertuie in the brachial aitery was a tangential opening 2.5 mm. in length and 
1 mm. in width. As in Case 15, the tear was m the .segment of brachial aitery between the 
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supeiior and inforioi ulnar collatoial branclic*.. Tins segment of artei\ nas cNci'-ed and a 
neuroljsis of the median ner^c was done. The concomitant \ein was ligated and divided. The 
patient was transfened to a hospital in the United States, April 1, 1945, and made an mi 
eventful can\alesconce. 


Interest centers in the parallelism between the sequence of events in this 
case and in Case 15. In the latter, the secondary rupture of a false aneurysm 
of the same artery at the same level had occurred twenty-one daj's after injuiy 
while the patient ivas at rest in bed ivith the arm supported r Jing. In this 
case the circumstances wore identical except tliat the epi ,,^eondaiy hem- 
orrhage occurred on the twcnty-.second day a fto ■ 


Pulsating Hematoma n , jachtal Jrtnu 

Pulsati nf>~ loma; P' 

Case 17. — A 27-jeai lufar* 

were very similar to those in t'a’-a lo 

machine gun bullet on Jan. 29. 19' 
of the arm and lodged in the si .»t‘L 
was a faint systolic bruit over the sive 


^‘01 mutton of Sccondatg 

,,i' Kenc 

.t'nd phjsical findings which 
caused by a .31 caliber enemy 
(he medial aspect of the lower third 
tile lateral aspect of the arm. There 
.ower arm which i« showm in Fig. 9. Here 



, ^15. 9 {Case 17) — Photograph showing swelling of the antecuhital fossa due to pulsat- 
ing hematoma arising from the lowermost segment of the brachial arterjv Note the dimplea 
scar on the medial aspect of the arm. This represents the point of entrance of the missile. 
The elbow is limited in extension to an agle of 110 degrees. 


again there were signs of sensoij and motor dysfunction of the median nenc and the angle 
of greatest extension at the elbow was 110 degrees Compiession of the pulsating, fiim nias'' 
caused obliteration of the ladial and ulnai pulse*- This patient was con'-eious of the puisa 
tion in tlie region of the elbow On Febiuary 23, twentj five dats after injurj, the patient 
complained of pain and mcrea-ed swelling over the lower arm. The pulse rate jumped from 
72 to 88 This oecuned while the patient was at lest m bed The swelling increased pro 
gressively until Februarj 2(), when, because of the tensoness of the swelling and sudden 
obliteration of tiie radial and ulnai pulses, it was necessary to explore the arm. At opera- 
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tion a double pulsating licnialoma was exposed. Approximately one-lmlf of tho wall of the 
artery bad been destroyed tbrougb a distance of 2 cm. The distal margin ,of the tear was 
only 4 mm. proximal to the bifurcation of the brachial artery into its radial and ulnar branches. 
A recent blood clot was brolcen into and two ounces of tightly packed clot were removed from 
a thin fibrous cavity limited by the muscle planes of the lacertus fibrosus and the biceps 
brachii. In the floor of this fibrous cavity there was a defect 1 cm. in diameter. This was 
plugged by organized clot around which bright red blood escaped. This cardtj' was opened 
into and found to measure 5 by 3 cm. in size. One and one-half ounces of organized blood 
clot were remove msing the tear in the brachial artery as described previously. The in- 
volved segment of . as excised and neurolysis of the adherent median nerve was done. 

The concomitant vein ’ divided. At the time of transfer to a hospital in the 

United States on Mare • healed and there 'a some evidence of returning 

function of the median m '’••'cturc of the c still present. 

f 

The striking siinilan. ' UlTl 'uses 15 and 16 empha- 
sizes the great danger of „ n. -Isc anenrysms. In all three 

of these cases the secondary he -<)• /• ■^Uveen the twenty-first and 

twenty-fifth day after injury. In .. , •' danger of gangrene of the 

■arm following the episodes of secondai^ ge. 

J 

Pulsating Hematoma of the Posterior Ttbial Artery P' • 'piwe and Formation of Secondary 
Hematoma; Paralysv of the Paste. Tibial Nerve 

Case 18. — A 21-year-old infantryman was struck by a missile from an enemy .31 caliber 
• 'hine gun in the left leg below the knee ion March 27, 1945. The missile entered the antero- 
.eral aspect of the leg just inferior to Ind anterior to the head of the fibula. Its course 
■as posteriorly and medially to lodge in tlje subcutaneous tissues of the posteromedial aspect 
I if the upper third of he leg. At a battalion aid station, the foreign body was removed 
: urough an incision posteriorly. The patiekt was given sulfanilamide dressings and penicillin 
herapy was started. There was only slight hemorrhage from the wound of entrance. Debride- 
ment was not done. The diagnosis of pulsating hematoma was not made until April 16, the 
date of admission to this hospital. At that time the wound of entrance presented a sinus 5 
cm. deep. The incision for removal of the foreign body had healed. There was a pulsating 
swelling which seemed to be in the musele.s'jof the calf and also between the tibia and fibula. 
A dist.ant systolic bruit could be heard over tlie posterior aspect of the calf. Tlic dorsalis 
pedis and posterior tibial pulses were of full volume. There was anesthesia of the sole of 
the foot and the patient was unable to plantar flex the foot or toes. Attention was directed 
toward healing of the wound of entrance. The patient was kept at rest in bed. Gradually 
tho wound of entrance filled in with granulation tissue and epithelized. On May 15, a medical 
officer, using a hemostat, inadvertently explored the thinly epithelized area representing the 
point of entrance of the missile. The patient suddenly complained of increased swelling 
in the calf and of pain about this area. There was blood tinged drainage from the tliin 
epithelium over the point of entrance. Appearance at this time is shon-n in Fig. 10. Follow- 
ing this episode tho dorsalis pedis and posterior tibial pulses were absent. Because of the 
danger of gangrene of the leg, surgical exploration was carried out on May 16. Consideration 
was given to the fact that the pulsating hematoma might have had its origin from partial 
tears of botli the anterior and the posterior tibial arteries. The patli of the missile wa.-- 
such that both vessels might have been damaged. The bruit was heard only over tho pos- 
terior aspect of the calf while the maximal swelling was on the anterolateral aspect of the 
calf anterior to tho head of the fibula at which point the missile had entered. The popliteal 
space and the calf were explored through an L-shaped incision. The two heads of the 
gastrocnemius were separ.ated and the soleus was divided vertically. The popliteal artery and 
vein were identified. Tho posterior tibial arterj- was identified and secured with a gauze tape 
above and below tlie ex-pnnsile, pulsating swelling which was between the soleus and the tibialis 



402 


SURGERY 


posticus muscles. As the posterior tlbial nerve was ili.ssecteil fiee fiom the fibrous wall of llie 
hematoma, it uas found that two-thirds of it.s diameter liad been destroyed tlirough a di.s- 
tance of 2 cm. The licmatoma was then evac-iiated. In tliis ease the old blood clot could not 
be distinguished from the more recent formation. The clot was lightly jiacked in a <‘avity 
between the ga.stiocnemiu.s and soleus mascle.s. It extended along the tract of the nii.s.silc, 

; 

i 



Fjg. 10 (Case 18). — Ai list's sketch showing the swelling of the upper leg clue to 
mg hematoma seconUarj to mjuiy of the postenor tibial arterj’. In this case there 
spontaneous secondary hemorrhage on the nineteenth day after injury. 
expandea in the direction of the path of the missile causing the appearance of blood-tinge 
drainage from the thin epithelium over the point of entrance of the missile. 
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tlirougli tho interosseous menilirnne to catiso swelling near the point of entianee of the missile 
anteriorly. The cavity lueasureil appio.viinately (i hy (i by 7 eni. in size, and from it .seven 
ounces of clotted blood were lemoved. The injury to tlie poslerior tibial arteiy presented as 
a tangential tear adth destruction of one-half of the substance of the wall through a distance 
of 1 cm. between the retracted maigins of the vessel. The involved segment of artery was 
excised. The posteiior tibial vein aais ligated and divided. Tho wound was closed without 
drainage. Following operation the dor.salis pedis pulse was present but the posterior tibial 
pulse a’as absent. Novocain block of the lumbar syiujiathetic ganglia on the affected side 
was done. The coloi and tho (drculation of the fool weie normal on .Tune when the patient 
was transferred to the United States. 



(Case 19). — Sketch showing: the location of tJiis pulsating- hematoma due to a 
partial tear of the second portion of the axillary artery. There were signs of incomplete 
paralysis of the brachial plexus. The extent of the hematoma was limited by the constricting 
orachial plexus. It was possible in this case to preserve the lateral thoracic and thoiaco- 
acioniial branches at the time of excision of the invoived segment of axiliary artery. 


Piilsalini/ Hematoma of the Second Portion of the Ariltaiy Artery; Partial Paialysix 

of the Brachial Plems 

C.\.SE 10. — A 19-yoar-oId infantryman wa.s struck in the left .shoulder posteiioiTy by a 
.25 caliber Japane.se sniper ’.s bullet on Oct. 20, 19T4. The mi.o.sile made its exit from a point 
just inferior to the lateral third of the left clavicle. His complaints were of inabilitv to 
extend his wrist and of weakness of the foreaim musculature. There was no primar}- debride- 
ment of the wounds. The diagnosis of pul.sating hematoma was established at the time 
of admission to this hospital, October 27. Tlieie was fullness in the left infiaclavicular 
aiea and a faint systolic murmur could be heard at this joint. The brachial, radial, and ulnar 
pulses were palpable .and equal on the two .side.s. The blood piessuie was recorded at 1.S5/S0 
and was equal in the two arms. Pre.ssine on the infiaclavicular aiea caused obliteration of 
tho brachial, radial, and ulnar pulses. There uas an irregular area of anesthesia over the 
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dorsum of the hand. A definite wrist drop was piC'-ent. Vasoulai collateial was encouraged 
by compiessing the subclavian arteiy against the fiist lib at regular inteivals each daj. Be 
cause of the peisistent paiahsjs, flio infiaclaMcnlar and axillaiy logions wore c.\p]orcd through 
a cur\jliuear incision on December 13. The cla\icle was dhided and the two ends were re 
tracted as shown in Pig. 11. Exposuie of the brachial plexus revealed that there was dense 
sear irrolving all three cords just pioxinial to the point at which the lafeial and median cords 
combine to form the median none. Ovei tins atea there was a mass of degenerated fat ap 
proximately 2 by >” rm. in sue. As the star ti'-sue was di.stccted awar from the components 
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i.'ivgEcmato - i 

Casf 20 2] V aiiatoi was in, "'d le left wrist by i' oO caliber machimi 

gun bullet wlnh lie i i* ‘nnig the weape . a Ap' I (i^ J943. Dxamii-ritjon May 11 showed 

a pulsating 'w ‘lling , tm. in diamotei oiei fi flexor 'urface of tlie ulnai side of the foiearm 
just proximal to the utnai stjl) piocess Theic was a faint ^jstolic bruit o\er the mass. 
There was numbness and tuighng > the itle and ring fiiigcis but motor, power of the ulnai 
nerve wa- not imp.uied. At oper n, M. j 11, it w.i'. found that tho ulnai none wins adlieienl 
to a fibrous mass .1 cm m diauiet, I’lich enclosed clotted blood. This had dot eloped fiom a 
partial tear of the ulnar aiteiy a point just proximal to the tolar caipal ligament. The 
opening m the artery was 3 mm, diameter. Following excision of the intoltcd segment of 
ulnar aitery, both the proximal distal stumps puKated. The adjacent tom was ligated. 
At no time was the circulation. die hand imp.uied. This soldiei made an uneteufful con 
valescence. 


It is considered signiiisant tliat regional peripheral nerves tvere inx'olvecl 
in the fihrou'. reaction about the vascirlar lesion in all ten eases. Moreover, 
there tvere leripheral signs of motor and sensory dysfunction of the involved 
nei’ves in all of the eases and in three of these there tvas evidence of progressive 
paralysis This is in contrast to the group of arteriovenous fistulas in w’hich 
only tw'o of ten patients had associated impairment of function of peripheral 
nerves. Another contrast in the findings in these txvo groups of eases is that 
five of the false aneurysms and pulsating hematomas exhibited marked flexion 
deformities of the nearest Joint wdiile this complication occurred in only one 
of the ten arteriovenous fistulas. Close study^ of the pathology at the operating 
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table explains these differences. In the arlei’iovenons fistulas tiie tremendous 
force of the pressure of the circulating blood has an immediate outlet in the 
peripheral vascular bed of the venous system. Consequently, there is minimal 
fibrous reaction around such fistulas. However, in 1ho.se patients in whom the 
artery is incompletely divided and there is no injury to a eoncoinitant vein, the 
force of the blood pressure exerts itself in the direetiou of the tract of the 
missile. The musculature is damaged 'already by the missile. ;The subsequent 
clot formation, limited by the const ricNing ’cod fine* .’■■more adjacent 

fascial sheaths, sets up an inflammatory i/act ’ >1 in a splinting 

of the part, the nearest joint lading held mi l!i 

In the five patients in whom tlierh' nm' ' tnc pulse rate 
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SUMIi AKY 


Report is made of experience ivith tiventy 'Ca.ses of periplioral vascular 
lesions following war injuries. These ca.es cO* ,titute .49 per cent of 4,040 
surgical iiattle casualties which were admitted tc ais genei’al hospital from the 
campaigns on the Philippine I.slands. There v fc ten cases of arteriovenous 
fistula, six eases of false aneur 3 ’sm, and four cas of pulsating hematoma. It 
was a unique experience to observe several of X ?e patients as the lesion de- 
veloped from pulsating hematoma into false auei .sm. It was noted that the 
bruit over a pulsating hematoma is faint while that '-er a false aneurj’sm is rela- 
tively loud. The observation was made that the in'„cnsity of the bruit increases 
as the clot which forms soon after injury undergoes liquefaction. Hemorrhage 
from the wound was severe in onh’ three of the patients with arteriovenous 
fistula and in onlj’ one with false aneurj-sm. Contracture of the joint nearest 
the vascular lesion was exhibited in onlj’ one of the arteriovenous fistulas, while 
five of those patients in whom there was incomplete arterial laceration developed 
regional flexion contracture soon after injurja This difference is explained b}’ 
the findings at operation. The force of the artei’ial blood from an arteriovenous 
fistula is received in the peripheral venous sj'stem. In those patients in wliom 
the artery is incompletely lorn, the force of the arterial pressure expends itself 
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in the direction of Die palli of the missile Subsequent clot fornnition in the 
region of danicged muscles is limited only by the confines of adjacent fascial 
sheaths. Inflammatory 3 -eacfion is reflected in a splinting of the ])art, the near- 
c.st joint bein^ held ui flexion. ^Moreover, it has bceji observed that, at the time 
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H'u'>d to the rnited Stales for definitive .surgery. 

None of the fift<'cn , / nts who were operated ii ’-on in this hospital showed 

signs of jieripheral •■‘-"■i! ir •nsufificieney following .opersliofi Elap.se of time 
between dates of ii> g. and operation averaged sixty- -■ days in the ea.ses of 
arteriovenous fistul .ind tliirty-eight days in the case, uf false aneurysm and 
pulsating hematom,,. In eight ca.se.s frequent block of toe regional sympathetic 
ganglia with novo-.-i > was used as an adjunct to surgical xxcision of the lesion. 
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■die distal portion 19/ |aji..<.\v;rci;!/._y ’following injury to a 
crvc' presented thq-sianic.jpi^pblem in[,AVorld AVar II as 
Our cxperience;j|;h9_ve;iin,dici)tcd, ,tha,t,,i,]i\s.,, problem has 
zed, and on ocp^isiqps .there , hai; beei ^ an unfortunate 
-of the.se patieyt.sjas.pspt.Yphcnrotic., The pain closely 
•en by JMitclvjA; .'.pd ass-;, fates, in 1864 and designated 
.jortion of tlj/.fj, descript' ,ui of the signs and symptoms 
.yisc it is a ssje in m. lipal literature and little can 
;ear, cop. i j'.u., and con |.is(), portrayal of the clinical 


Tlie ‘ii% pain is vory'^ various! f hn'i )I''iK''''r attacks the trunk, 

rarely the arih or tlitsi.i.'iand no oftener the foreanii.on.lcg.d ts favorite site is tlie 
foot or hand... . . . .,,., 0 ; , . ^ t . 

Tlie great mass of sufferers described (his pain (i^jsu licial, but others said 
it was also in the, joints and deep in the palm. If P las"' ng, it was referred to 
the skin alone. ' " ’ ' ' * 

Its intensity Yaric.‘(froin tlie most trivial buniihpi state of torture, which 
can hardly be credited but which reacts on the wl\ole,.i|^o\v<>i>,y,, until the general 
health is seriously aYect^d. .■ 

The part itself is not alone subject to an intense burn" ; sensation but be- 
comes exquisitely hyji^resthetic so- that a touch or a tap of tli linger increases the 
pain. Exposure to tile air is avoided by the patient with a cave \hieh seems absurd, 
and most of the bad 'cases keep the hand constantly wet, tindin.; relief in the mois- 
ture rather than in the coolness of the application. 

As the pain increases, the general sympathy becomes iimre marked. The 
temper changes and grows irritable, the face becomes anxious and has a look of 
weariness and suffering. The sleep is restless and the constitutional condition 
reacting on the wounded limb exasperates the hyperesthetic state so that the rat- 
tling of a newspaper, a breath of air, another’s step across the ward, the vibrations 
caused by a military band, or the shock of the feet in walking give rise to increase 
of pain. At last the patient grows hysterical, if we may use the only term which 
covers the facts. He walks carefully, carries the limb tenderly with the normal 
hand, is tremulous, nervous, and has all kinds of expedients for lessening his pain. 

The skin affected in these cases was deep red or mottled, or red and pale in 
patches. The epithelium appeared to have been partially lost, so that the cutis was 
exposed in places. The subcutaneous tissues were nearly always shrunken, and when 
the palm alone was attacked, the part so diseased seemed to be a little <leprcssed 
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and fiiiiiei', and less elastic than coninion. In llic fingcis tlicrc were often cracks 
in tho altered skin, and tlie integument presented of all tlic alTcctcd part was 
glassy, and shining ns though it had been skillfully varnished. i 


T))ese arc the fundamental symptoms and findings of the disease. Addi- 
tional factors for accentuating the hyporcstlictic stale eommonl}' found in mod- 
ern life re t ' roar of an airplatm, (he whistle of a train or a h'oat, and gazing 
downtv;.. ■. high h idipg. 
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o’.l. (end (■•(>' "iim 
ons o! (he t p’’ "i 

■'V ciian- e<5! ‘ 


(ho (dini-eal description as 
■■ ular niechrni.sf’i of the 
■ .'on fou'ud V ifiablc in 
tdied y (ho. id 'Jiysmo- 
■evice.'-- Th,' atgeno- 
i.a.ec but \ii;ieli , re more 


The exact ’ 

nearer solution ijth.y .tiatV 
ries but they ha\o '^I’ch b'ttl -a ' 
their review.--' Despite tho 
of the pain we feci (hat n i-as !• 
sympathetic nerve .supply ; i the <. 
symptoms of the disease 


■ jtain .scorns to be liu. 
I'.ere ;trc various theo- 
here is no reason foi 
’on for the etiology 
ilcrruption of the 
s or abolishes the 


It cannot be denied that llio emoi;. 
the autonomic nervous system and ruiv in 
may assume too prominent oonside-atio 
Altliough tlic clinical features of the 
suffering from this disease continue tc 
of severe psychoueuro.sis. Often tra-c 
accomplished witli a diagnosis of hyr' 
as the primaiy diagnosis. A typierd 


atient will activate 
.action. ^ his factor 
.;e..tmen. fc causalgia. 
" knowr patie 
pitals with a diagnc'’' 
ru] hospitals has ber 
'chonciu'os's :cmami . 
n he eitu.J in Case 1. 


vAsn gTS 

Cask 1. — A 21-yeiii-old pii^utc was a< '•m. 24, m' 'i'lio diaguoss \\a ’ partii' 

paialysis of the left sciatic ncivc, cicatiics t .ictiin v" '.•■c left popliteal regiui, and 
severe psychoneurosis, mixed type, ^\itll hyn , ..sessi\’e. an ' compulsive fer.turc."'. 

He had been struck by shell fragments Aug. S, 1944, nkieh resulted in a severe lacerating 
wound of the left thigh. There was a profuse heniorili.-ige folDwing the injur}’. He had 
the usual treatment for wounds of this type. Wien lie regained consciousness he was aware 
of severe burning pain in the left foot, particulaily in the plantar surface. There nas com- 
plete motor paialysis of the left leg and foot. He complained bitterly of the persistent pain 
in the foot. Xoises, waning, vibrations, and touching dry objects with the hands caused 
paroxy.snis of pain. Wlule using a nashelotl. on his liands ho found some of the paroxysms of 
pain in the foot Mere <!i minified. He staited holding a net cloth in his hands continuously. 
He was evacuated fiom the combat aiea to the United States. Tlioiigli there had been spon- 
taneous return of function of the sciatic neive, the pain was unimproved. Eighteen weeks 
after his injury he nas seen by a psychiatiist because of the bizarre pain in the left foot 
•and because he [eisisted in keeping the bauds moist. The following opinion was given. 

Dec. 15, 1944, this 21 \ ear old white private was leferied for neuropsychiatric exam- 
ination and appraisal because of neivons and li}-sterical type mannerisms (holding wash- 
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doth in liands and wringing it continuously). He ^^ab rdcvant and coherent through the 
inteiu’iew. He was thought to be of limited intelligence, and uhen questioned about^ holding 

the moist cloth ho stated that he realized that it was a habit and not a desirable one 

He stated that for some unknown reason this simide '’Inldish hahit was of cnusiderablo com- 
fort to him. He volunteered that lie was gradually trying lo hold the doth less and less 

His childhood history rercalcd that even at that time he reported to fetis sm. Tt ^s be- 
lieved that a person with this pat^ieirt's mentality mi ,ht vo’v easily regre' hildhood 

pattern at time of stress sudi as encountered h}' tin o ni • tire 

examined from the nenrologi* staudt ^intrbccause «. was j. > 

he was to be transferred i- <■ m* 'ie<cerrter i( m. 
man had a fixation lequiijiri > ' prelongrd p,- 

at this time to attcrupt sud r • wot i 

. • ‘ * 1 1 15 I 5 

rtnproverr * Diagnosis w ' 

sive' fes , s, seror* He \ 
showed a partiiil paralysis 6r'* 
the left foot. 


was not 
ward officer that 
Pudoulrtedly this 
\ as lUiit advisable 
sliowcd considerable 
‘.e-sive, and compul- 
.ur. Examination 
^s'’of causalgia of 


PM On Jan. 29, .194:5, twe, 
none with a transient complc 
was done with immediate, ' 
washcloth was discarded, 
cx'isted after that time 
• 1 

, Prolonged dela 
During tins period 
I , of particularly s 
tissues anr^.periartio' 
are I’elieved^ pplon^eo, 

' -ffi^cted is necessary beet 

HjI . .. j r 

c fc, IS primarily due 

ff*' ' 

. The ireatment foi^ 

I, > ^i> 

1 omt at llie^ site of jp, 

•■iivision Ilf tile involvec 
1 ‘ ^ 

f .ipply t'l the affected e 
lo find '‘trigger points 
effects [ sui'h ppints.^ 


•nrpathotic block was 
'O'!;., a cf‘ ' tu.bar sympatlrectomy 
, onti’rued imtil the present. The 
■ on and no unrrsual behavior has 

‘ . II ' 

t ' )«■ ; I 

, disease Ji!i.S|l)een a usual occurrence, 
iges of di.siiso affect the extremity. This 
the hand. is involved. Atrophy of soft 
ominenl findings. Even after symptoms 
regain^ the normal mobility of the part 
nic changes from disuse. This, we be- 
, ent of the symptoms. 

rgely been of three types: (1) treat- 
fement and neurolysis, (2) complete 
, , iterruptiou of llie sympathetic nerve 

.••an In ( rroup of patients we have been nnahle 
and have 1 • o experience with elimination of the 
• . ( I 


It has bwen the opinion 'of sonle'i, - ' -ave seen the disease at an early stage 
that tieatment at the sii'e of injury 'ik ' preventive or beneficial.® It has been 
recoTiini'ended that a meticulous debridement be done, all devitalized tissue re- 
moved* and the nerve repaired if grossly injured. If tlie accompanying artery 
has been irreparably damaged, the destroyed area should he excised. We have 
not seen patients with causalgia until several weeks foUoiving injury and can 
give no evaluation of local treatment at an earlj>- stage of the disease. However, 
ive have been impressed with the small benefit derived from local procedures in 
the late phases of the disease. In fact, some patients have shown an exacerba- 
tion of symptoms following local operative procedures. A typical example of 
this is 'Cited in Case 2. 


Case 2. — A. 29-year olJ white man was admitted Feb. 13, 1945, transfcried from an- 
other hospital. He had been struck in the left axilla by a rifle bullet Dec. S. 1944. There 
was a simple penetrating wound with complete motor and sen‘=ory paial.vsis of the left arm, 
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forearm, anil hanii. Imnieiliatoly after the injury tie liail severe t^urning pain in the left 
hand. The pain prevented all re.st, and he lost 15 pei emit of lii.s iveighf. He was given .some 
medication for pain whii-h made it bcuruhlc. After about four weeks’ time there was spon- 
taneous subsidence hut not complete disappearance of pain. On adniis.sion to tin's Iio.spifal 
the pain was no longer troublesome. 

Neurologic e.xaminalion showed coniplefe paralysis of the ulnar, median, radial, and 
musculoentaneou.s nerves. The blood eoiint, urine, and blood serology wore witliin normal 
limits. 

Twelve weeks after liis injury an e-xploraiiou of the nervo.s of the arm was done. The 
ulnar, radial, and nnisculoeutaneous n‘>rves uoie found to be completely divided and were 
repaired by end-to-end sututes. Tlie^^ joial h:iL' of the niediae nerve ivas also round to be 

divided but the medial hal' of the ner’. uas onl. di.ssectcd from tile .■surrounding scar tissue. 

. > >> " ■ , 

Immediately following f]' c 'ora'ion ihe severe hurning pai'i in Gie pal.w-; •' irface of 

the hand recurred. After tm lays a^proeaine block of the symji.ithetie supply o the upper 
extremity was done. lie had a' complete relief of pain that lasted tliirfy-six ho”'S the ;'.iin 
then returned though in le.sser severity. The patient p-..’, 'erred to await .spontai 'iis icsolu- 
tion of pains rather tlian to have a dorsal .synipatliecfet-y. Four weeks after operation all 
pain had ceased. 

When exploring the involved nerve in pati. nt-s wit' eausalgii, it i.s rare 
to find the nerve completely divided. I'tiually there ' a neiii-' ’• 
at the .site of injury and oeea.sionally no giussiFiahnorr area • 

In only two patients of thi.s group was thr uert''') < e^m] 

Others have observed that tme eaiisalgi; can'- '' 

nerve that ha.s been completely divided.-- " OF’ ■ .plied 

involved nerve .show excellent contractile fnnet ' ■ e.ry rnnwmt. 

is grossly limited bceauso of pain. Under .so ■ ’ i fa. o:;e 's loatlid 

to section the nerve in order to obtain relief . ii. i'*, exploration, the 

nerve has suffered .such extensive damage that iv;' ' mubtfu) tnal effective func- 
tion will he regained spontaneoasly, excision of tlU' lain 'ged segment and suture 
of the nerve will frequently provide relief from t-ain. 

The interruption of the sympathetic nerve siij-q.-ly to the involved extremity 
has proved to be the most useful pi-ocedure for 1>i-: relief c.f causalgia in this 
series of patients. Periarterial sympathectomy -.va formerly used extensively 
in attempting to interrupt completely tlm symp. iu'ic supply to an extremity.'^ 
It has become definitely estahlislied that this m-'-t is only partially .successful. 
Dii'ect attack on the ganglia supplying the md .-fiity has largely supplanted 
the arterial stripping methods. The two may h^ used in conjunction, although 
we have not found it necessary to do so. 

Temporary interruption of the sympathetic supply by i)rocaine block of tlio 
.sympathetic ganglia to the involved extremity is first dbne.”- If relief is 
obtained for one-half to one hour, excision of the sympathetic supply to the 
extremity will also lie effective. Two patients of this series liave obtained 
permanent relief from a single procaine block but it has been our experience 
that repeated chemical blocks usually have not produced permanent - relief. 
Surgical excision lias been preferred to alcohol block. After experiencing the 
relief obtained, the patient is permitted to decide if he desires the operative 
procedure. 
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The Dsujil methods of sympathectomy have been employed. A muscle- 
splitting extraperitoneal approach for I’cmoval of the second and third lumbar 
ganglia has been iised for producing preganglionic sympathcetomization of the 
lower extremity.^ Recently a modification of the thoracohimbar operation 
described by Smithwick'" for use in hypertemsion has been emiiloyed for a more 
complete sympatiieetomization of the thigh. The Smith wick procedure ha.s 
been used for sympathectomizatiun of the upper extremity.^''’ It has the 
advantage of being a preganglionic r 'ision, of producing permanent results, 
and eliminating the Horner’s syndro'" d by some methods. It has been 

felt that it waS hot .iustifie'd to in'eu syndrome with permanent dis- 
figurement 'when the dorsal appro ’'o'’! 'ompletely adequate. There 

have been ho serioils postoperative i. i . • ^ 


Altho\(gh the paroxysmal, peri . f>ain is relieved by these 

methods, iMere is often a residual di: . .«.c is experienced by practically 

all peripheral nerve injuries. "'*\Vhe’ v.n is relieved, voluntary movement is 
re-established and the necessarv treaiment can be given to retuim the extremity 
to a state o:^.pormal f^pietion.-,,^ 

Dqpii.p^dthe past welve months, sixty-seven jiatients have been admitted to 
q)'" 'levithip, 

•..'■irrant- 
' oiU . ' Ot-lbA’ 

' • lyfiitaxim, t 
IT' the mediapn-,,. 
iiorted series.^’ lUll.'i- 

until more carefui iciytstioi 
severity to the peripheral'" 
of pain has varied. ' Jtijma; 
weeks following the injury. 


.y to ' 

U/'|i 

b'r 


Jh.' 


jor peripheral nerve and causalgia of sufficient 
if t’ '>at>>icnt. The lower extremity has been 
lexti.-mitiy in twenty-three patients. The seat 
h the distribution of the posterior tibial nerve 
nces. This is not in agreement with other re- 
itire extremity has been designated as affected 
nd evaluation has established pain of greatest 
bution of a specific nerve. The time of onset 
If concomitant with the injury or occur several 
The posterior tibial has often been involved at 
the time of operative procedures for intractable hemorrhage from the tibial 
vessels. Concomitant injury fif tlie accompanying blood vessels has been appar- 
ent in many instances of tli,e.,{y esejnt series although in all probability manj'^ of 
the others had vascular, injpi'iy that were not recognized due to an incomplete 
lesion and the excellent collf]tf,',| /Ij.pirculation present in the patients of this age 
s-i-oup. ^ , 


Sympathcetomization ofruhe involved extremity has been done in thirty 
patients; in twenty-two for lower extremity and in eight for iipper extremity 
involvement. Two additional patients have had only the area of injury sympa- 
theetomized and are not iTieluded in this report. 


It has been necessary to reoperate on one patient to obtain a more complete 
sympathcetomization of the lower extremit.v. In one instance removal of the 
firet and second lumbar ganglia was done after removal of the third and fourth 
ganglia had been ineffective (Table I, Case III). Complete relief of pain in tbe 
affected extremity was obtained by the more extensive operation. It is now 
our relief that the operation should always be of sufficient extent to .sympathec- 
tomize the area of the site of nerve injury as well as the ai'ea of maximum pain. 
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Takix I. C.vu&AiiOi\ or Lowrit I^xtkkmity 


CSS} 

KO- 

x>m^ oi 

i: jUKi' 

SITK or 

- ixjupy 

1 

j rP.ELiMIXAflV 

1 TKE\7.MK.\'T 

UATE <5. EXTENT 
OF SVSfPA- 
TliECrOMY 

nE.mTi.T 

T- 

.nr 'lit 

Buttocks 

i 

jXeur«/hs’is, 

1 lunibar block 

Aug. 8-44 

L-2, L-3 

Failure 

jj 

nine j 

1 

jTlug!', ]>ro\ 
j . ini.il thir.i 

Lumbar block 

Aug. 12-41 
L-2, L-.l 

Kxccllent 

iir 

’ 1 

1 

i 'itjiliteal piMi-e 

jXeurolvMS, 

Sept. 4-44 

Good 


1 

I lumbar block 

L-2, L-:i 

- 

JT 


'll 1 

jLiinibar block 

1 

.Sept. 4-44 

L-J, L-4 

Mar. 19-4.5 
L-1, L-2 

Failure 

Excellent 

V 

'>"f ! 

^ - : 

^ i 

Tliigi , iiiP’ ’’i 
thin. ' 

iLuivb.ir block ■ 
1 

Nov. 20-44 
L-2, L-3 

Good 

1 1 

!L»g, n>r-!.X!c 
third 

, L•tlllt.ar Xioek ! 

Nov. 29-44 
L2. L-3 

E.xccllciit 

VII ' 

1 i 

Thigh, a " ■ 
t liird 

pbfir 'dock j 
• - c ' 

Jan. 11-43 
L-1, L-2. L-3 

E.accllcnt 

VIII 

* ; 

It.fj,', proxi! d 
tiiird 

1. • L.iu ■'d . h 

\ j 

.Tan. V-M 

L-2, : 

Good 

IX j 

^ i 

, 1 

1 Log, midd 

1 fiord 

|Luir*i:ir V .ck 

J"l. k ‘ 

J- 2. • 1 

1 tlood 

X 

Irlv 1 

1 

i'high, pr 

1 n>al thi.'o ^ 

Lumbar '/ : < i 
1 

Jaa. 

' LrJ, L J. 


XI 

1 

.Inly . : ' 

iLog. midvile ! 
•lord 

Xcuiolysif ' 
lumbar b PI 

' .1.-.. 29-.. 3 

2, i. 3 


xri 

■ uiy ' ' ' i 

1 

Thigh, proxi 
mat third 

I 'bar , 

t 


XIII ' 

1 

\il7. S44 

Thigh, di'tal 
tliird 

Lumbar block 

> -j. 

E-reclient 

XIV 

.ne P' 44 

Thigh, middle 
tliird i 

Lumbar block 

j eh. 

L-2, 1 

Good 

XV 

j r-44 

r.nttocks 1 

i 

Lumbar block 

Feb. 5 

L-2. L.3 

Good 

I 

. -• .'0-44 

Thigh, proxi- 
Jn,ai third 

Lumbar block 

Feb. 8 1.5 

L-2, L-S 

Good 

xvn 

Bit t:7-44 I 

i 

Thigh, mhldle 
third 

Kourolysis, 
hmibar block 

Mar. 2-45 

L-2, L-3 

Good 

XVIII 

Sept 29 1' 

1 

T.og, middle j 
third 

Lumbar block 

.\prll 13-43 
L-2, L-3 

Good 

XIX 

Dc(>. 2' 44 1 

Thigh, dht.al 

third 

Lumbar block 

Mav 14-4.5 

L-2, 1^3 

Good 

XX 

Jan. n 43 

1 

Thigh, iti^tal 
third 

Lumhar block 

Mav 24-45 

L-2, L-3 

Good 

\ 

\ 

4 45 ; 

Tircfli. 

tiiird 

Lumbar block 

.Tunc -t-‘t3 

L-2, L-3 

Good 


44 

i 

1 Thigh, di<:|,al 
' third 

Lumbar block 

.Tunc 20 43 

L-2, L-3 

Good 


Results were ,, •! by liic relief of i>ain experieiiecd and the ability to 

use the affected ‘xtreixity. Results wei'e «ood to excellent in twenty-eight pa- 
tients (Tables I an ft). Two patients of this series did not obtain relief by 
sympatheotoiriy. Before the more complete operation was resorted to, a cordot- 
omy was dor' in one patient, after removal of the second and third lumbar 
ganglia had " ed to give relief of pain (Case I, Table I) ; the nerve injury w^as 
in the proxim 1 third of the thigh and the site of injury had not been sympathec- 
tomized. fhe second failure had a completely teehnicallj' satisfactory dorsal 
s}Tnpatbt,etomy j-et there w^as no relief of symptoms; rve have no adequate ex- 
planation for tire failure in this instance. 
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TAHTiV, II. CAITSAIA'.IA op UriM'll Extubmity 


CASE 

NO. 

DATE or 
INJURY 

SITH OP 
INJURY 

! ninLISIlNARY 
TUUAT.MENT 

DATE & extent! 
OF SY.AtrA- 1 
TIIEC. ‘>>[y , ' 


I 

Aug. 8-44 

Ann, pioxitiml 
Ihiul 

Neurolysis, 
dorsal block 

.Tail. 24- (A 

D-2, F . ( 

TP client 

II 

1 Nov. 13-44 

|Anu, proximal 
third 

Neurolysis, 
dors.al block 

Feb. ■ 

DY. i ' 

rt Kent 

ITI 

1 

Dec. 15-44 

Forearm, mid- 
dlo thiid 

T)or«.al block 

I'd 

b-£ 

xcollcnt 

IV 

Nov. 20-44 

Forearm, distal 
third 

Doi>aI block 

A 

OCll 

A'- 

Nov. fi-44 

Clavieiihir re- 
gion 

Neiirolysi<;, 
thir.s:'! blopl j 

i 

Falluie 

VI 

Pch. 8-44 

Clavicular re- 
gion 


.Tin. ' 

r)-2, i 

Good 

vn 

hltiT. 9-44 

Axilla , 

1 

i ‘ 1 

.Tunc t 

I»-2, L 

Excellent 

VIII 

Bee. 20-44 

Arm, middle 
third 

Nim ‘b'fb, 

.Tunc 1 

I>-2, 1 

Excellent 


! ' I "I Ji', ' I'.. I I 


j ipwing major 
ill ill tlic lower 


Not included. I, ' tliis group, of paticiii uuth calls; 
periplier'’^ ^ • ive injuries Avero three palior with burn 
extrc"- 'V'-'i.j.vihV ciifida coliii'ia injurief Lumbar ,s' .atlio'ctomies have 

I “ ' ! ueSe* patlejitf nit benefit. The .site of in, pi 'y Avas not sympa- 


I 1 I inav 've’ 


,'c >me b'-aring on the failure. 


I i' 


• , ' SUMMARY , ' 

1. Causab .oomAant with injurietf . of the major. peri il nerves 

presented a rea. i iem of management in AYorld War TT, as in i .ding A\ars. 

2. During the 'past j'ear tliere have been sixty-sei'cn pat’ Avitli major 

peripheral nerve injiu'ies and concomitant causalgia'of sufficien severity to re- 
quire treatment admitted to this liospital. ‘ • / i. 

3. Thirty of this group desired sympathectomy after experiencing the re- 
lief obtained bj^ sympatlietic block. ^ 

4. Of this group tAventy-tAvo had lumbar sympathectomies and eight had 
preganglionic dorsal sympathectomies. 


5. Good to excellent results Averc obtained in tAventy-eighl of the patients. 
Failure to relicAm sjTnptoms and re-establish use of the affected part occurred 
in tAAm patients. 


6. The sympathectomization should be of suffici”! 1 to include the 

area of injury as aa’cII as the area of symptoms. ‘ " 

7 . Early sympathectomization of the affected extremity ii.Muding the area 
of injury aauII, in the vast majority, relieve the sjuiiptom j tlie disease and 
prevent the profound disabilities of disuse. 
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GUNSHOT WOUNDS OF THE ABDOMEN 
A Rryikw ok 149 Casks 


JIa.toii Eoukrt S. Wilkinson and Lieutknant Lyndon ]\r. Hill 
SI iCDiCAi-. Cords, Army ok the United States, and 
Louis T. Wuioiit, Jl.D., New York, N. T. 

(From the Surgical Service, llarlem Hospital) 


I N THIS paper is given an analysis of 149 gunshot wounds of the abdomen 
and gunshot wounds of the abdominal wall treated at Harlem Hospital over 
an eleven-year iieriod, from 1933 to 1944. Thirty-five of these cases were 
included in a report by jMctiowan* in 1935. The high mortality of these 
injuries caused us to make this stud.y and the relative paucity of reports on 
this subject made it seem worth while to record our experiences and what we 
liave learned ahout the emergency handling of these eases, ilost of the prin- 
ciples that w foil w even at the present time were outlined by Connoi\s“ from 
this hospital ii a23 and amplified by the subsequent reports of Silleck,^ 

Eisberg,'* and > '.owan Their papers Avere reports of penetrating wounds 

of the abdomen m whicli gunsho^ wounds were combined ivith stab ivounds. 
It is now generally agreed thai a- se of tlie more serious character of gun- 
shot wounds they should be s^ i’ eparately. 

Our sui" ’- includes 115 • ting gainshot wounds of the abdomen and 

C -ishot ainds of the al , wall. The patients in this series Avere 

.ted v the surgeoi pj.ened to be on duty at the time of the 

> 11 . 


i;i;ncy 

islmt AVounds in general ai\ not as frequent in New York City as 
'-ivt' in some of our southern cities due to the fact that it is against the 
York laAV to carry or have a pistol Avitliout a permit. Therefore, this 
"'s of cases is not as large as others that have been reported for the same 
od of time from cities Avhere there is no such Ibaa'. 

All Avounds in this series Avere inflicted by pistol bullets; Ave liave had 
experience Avith shotgun injuries. 

It should also be pointed out that injuries of this character in civil life 
carry, as a rule, a higher mortality than that obtained in military life, because 
the average soldier is a more rugged physical specimen and reacts better 
physiologically, Avhen injured, than the aA^erage large city civilian. It has 
been our experience, Avith the feAV soldiers Avhom Ave have treated, suffering 
from any type of trauma, that they liaA’c much greater poAvei-s of reeupei'ation 
than other citizens. 


DIAGNOSIS 


The diagnosis of gunsliot Avound or Avounds of the abdomen is usually as 
simple as the injury is obvious. The chief point of interest to the surgeon 
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SURGEKY 


is Avhetber or not there has been an inlva-abdominal in.invy, and the decision 
for or against operation de])cnds ii])on this. Tliis decision is, at times, difficult 
to make. AVhen there i.s tlie slightest doiil)t as to whether a blood vessel or 
a viseus within the abdomen is injured, the patient should be subjected to 
immediate exploratory laparotomy. Connors insisted U])on careful inspection 
of tlie bullet wound and its direction and a decision as to whether it was 
one of entry or exit. If thci'o are several wounds, it is important to know 
liow many of these are of entry and liow many of exit. The location of the 
incision is, in part, governed by this and is hcl])ful in making a tentative 
diagnosis of visceral injury. The path of the bullet .should be mentally 
visualized, if possible, by the surgeon at the time of o])eration. Palpation 
will indicate rigidity, tenderness, and rebound tenderness, which are signs 
of peritoneal irritation, and in cases where there is doubt as to whether or 
not the peritoneal cavity has been entered, they arc of great diagnostic value. 
Oberhelmau and Lc Count’ have pointed out. that side-to-side injuries in the 
abdomen are the most sei'ious; bullets ei'tering from front to back are the 
next most .serious; and those entering from the back are usually the lea.st .serious. 

In Table I, it is of interest to note that G4.3 jicr cent of the patients with 
penetrating gun.shot wounds of the abdominal wall had tenderness, 66.1 per 
cent had abdominal rigidity, while none of those with nonpenetrating wounds 
showed abdominal rigidity, only 11,7 per cent showed tenderness, and none 
shouted vomiting. 


Table I 


TYPE OP GUNSHOT 

NUMBEP. 



vVBDOMlNAL 

VOMITING ■ 

WOUND 

OF 

CASES 

tenderness 

NO. FER CENT 

rJoroiTY 

NO. PER CENT 

NO. 

PEE CENT 

Penetrating 

115 

74 

G4..3 

7G 66.1 

5 

4.3 

ISTonpenetrating 

34 

4 

11.7 

0 0 

0 

0 


The percentage of. cases witli abdominal tenderness and abdominal spasm C 
is lowered by the fact that .seventeen jmtients wore uneonscions at the time 
of admission to the hospital, in profound shock, and with obvious penetrating 
gunshot wounds of the abdomen. Our percentage of jiatients with vomiting 
in penetrating gun-shot M'onnds of the abdomen is only 4.3 per cent (five 
cases), whei’eas Hamilton and Duncan'’' reported vomiting in 46 per cent of 
their patients, while Storck' repoi'ted only three cases 'of nausea and vomiting 
in a series of forty-six cases. 

Tlie amount of abdominal tenderue.ss and spa.sm is found to be in direct 
proportion to the amount of blood in the peritoneal cavity or to the amount 
of spillage from the gastrointestinal tract. 

The passage of fresh blood by rectum, urethra, or mouth points to the 
injury of the lower bowel, urinaiy tract, or stomach, and immediate exploi’a- 
tion is indicated in these cases regardless of other abdominal findings. In 
this series there were found the following figures: bleeding per I’eetum, 1 case; 
bleeding per urethra, 9 ca.ses; and hematemesis, 2 eases. 
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KADIOGHAPHIC FINDINGS 

■Eoeiitgenologic study lias lielped us in these cases. W^liere there is no 
wound of exit of the bullet, a roentgenogram taken immediately with a port- 
able x-ray machine at the time of admission will help locate the bullet and 
aid the surgeon in visualizing in his mind the path the bullet has taken; in 
some instances, if the patient is not in serious condition, free gas under the 
diaphragm, seen in the x-ray view of a patient sitting upright, is evidence of 
a perforation of the gastrointestinal tract. Occasionally this is the sole proof 
of perforation of a hollow viscus. 

In Table II it is seen that the presence of gas under the diaphragm on 
x-ray examination is practically pathognomonic of intestinal tract perforation. 


Table II. Eadioge^aphio Findings in Twenty-two Cases 



NUMBER 

OP CASES 

OPERATION 

Pneumoperitoneum 

15 

Gastrointestinal tract perforation 

Pneumoperitoneum absent 

6 

No perforation 

Pneumoperitoneum absent 

1 

Two small perforations of the gastrointestinal 
tract 


..VBDOMINAL TAP 

In difficult eases, as a diagnostic aid, we have also used abdominal tap. 
Peritoneal tap, using a spinal puncture needle, is performed in all four 
abdominal quadrants. In this series of cases, eight abdominal taps were per- 
formed; in five cases, the tap was positive with blood being obtained. At 
operation in these five eases, free blood was found in the peritoneal cavity. 
In three cases the abdominal tap was negative and no free fluid or perforation 
of the intestinal tract was found. A negative abdominal tap does not mean 
that there can be no intra-abdominal injury, but it is reasonably certain that 
a massive intra-abdominal hemorrhage will be diagnosed b}" peritoneal tap 
if the abdominal puncture is properly performed. Dixon, Martin, and Oehsnei'® 
have recently recommended abdominal tap as helpful. 

In Table III are listed the reports of the authors having the largest series 
of cases, vuth their operative findings, together with our own. 

The age incidence is indicated in Table IV; this reveals that the mortality 
is definitely higher after the age of 31 years. Hamilton and Duncan also 
obseiwed that the mortality rate is higher in gunsliot wounds of the abdomen 


Table III 


AUTIIOU 

number 
or CASES 

OPERATIVE 

mortality 

(PER CENT) 

Oberlielman and Le Count 

301 

(ii.4 

Bippy 

292 

G1.9 

Hamilton and Duncan 

182 

48,9 

Taylor 

101 

CO.O 

Ellcin and Ward (pistol and rifle wounds) 

17C 

47.7 

Wilkinson, Wright, and Hill 

115 

00,0 


In Elkin and Ward’s series of 176 penetrating^ wounds, there were seven cases in which 
no perforations were found* 
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is wKetbev or not there has been an inlra-abdoininal iiijuiy, ancl^ the decision 
for or against operation depends upon tJiis. Tliis decision is. at times, difficult 
to make. When there is the sligiitc.st doubt as to wlicther a Ijlood ye.ssel or 
a visciis witliin tlie alidonien is injured, tiie patient should bo subjected to 
immediate cx]iIoratory laparotomy, (lonnoi-s insi.sted upon careful inspection 
of the Inillet wound and its direction and a doi'ision as to wlicther it was 
one of entry or exit. If there are several wounds, it is iinjiortani to know 
iiow many of thc.se are of entry and liow many of exit. The location ot the 
incision is, in part, governed by this and is lieliiful in making a tentathc 
diagnosis of visceral' injury. Tin- patli of the buHol slionkl be meiitally 
visuali/ed, if po.ssibIe, by the .surgeon at the time of operation. Palpation 
will indicate rigidity tendorne.ss, and rehouiid tenderness, w'hieh are signs 
of peritoneal iri-itation. and in ea.scs where tliere is doubt as to whether or 
not the peritoneal eavity has boon entered, they arc of great diagnostic value. 
Oberbelman and Le Count' have iiointed out that .side-to-side injuries in the 
abdomen arc the mo.st seimuis; bullets entering from front to liaek are the 
next most serious; and 1ho.se entering from the back are usually the least serious. 

In Table I, it Is of infi'rest to note that 64.3 jicr cent of the patients with 
penetrating gunshot wounds of the abdominal wall had tendeniess, 66.1 pei 
cent had abdominal rigidity, while none of those with nonjienet rating w’ouuds 
sliow’ed abdominal rigidity, only Il.T per cent sliowed tenderness, and none 
.showed vomiting. 


Tablk I 


TYPE or GWKSKOT 
VfOUXB 

NUltBEr. 

OF 

CASES 

TKXPEHKESS 
^rO. PER CENT 

ABDOillNAL 

rJGIPITY 

XO. PER CENT 

NO. 

rojimNO ■ 
PER CENT 

Penetrating 

Ivonponetrating 

115 

34 

'74 

4 

(!4.S 

11.7 

7G OO 

0 0 

5 

0 

^*3 

0 __ 


The percentage of- eases with abdominal tenderness and abdominal spasm 
is Imvered by the fact that seventeen patients were nneonseious at the time 
of admi,ssion to tlie ho.spital, in jirofound .shock, and with obvious penetratuio 
gunshot wounds of the abdomen. Guv pereenlage of patients \vith vomitiiio 
in penetrating g-unshof wounds of the abdomen is only 4-3 per cent (ft^e 
cases), wherea,s Hamilton and Duncan" reported vomiting in 46 per cent o 
their patients, while Storek' reported only three eases 'of nausea and vomiting 
in a series of forh'-six eases. 

Tlie amount of abdominal tenderness and spasm is found to be in direct 
Xiroportion to the amount of blood in the xieritoneal cavity or to the amoun 
of spillage from the gastrointestinal tract. 

The passage of fresh blood by rectum, uretlira, or moiitli points to the 
injuiy of the lower liowel, uriiiaiy tract, or stomach, and immediate exp oi'a 
tion is indicated in these eases regardle.ss of other abdominal findings. n 
this series there were found the following figures; bleeding per reetnm, 1 case, 
bleeding per nretlira, 9 ca.ses; and hematemesis, 2 cases. 
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occurred wilhin the fii'sl twenty-four liours. In tliirty-four cases llie systolic 
pressure on admission was 170 mm, of 11^ and in forty cases tlie blood pres- 
sure, systolic, was 70 mm. of Hg or lower. All patient.® sh.ould receive anti- 
tetanic serum and antigas i>an”rene antitoxin upon adihission. ]\Iost delay 
boforc transfusion is caused by the time it takes to determine the patient’s 
olood type, 

AXK.STHE.SIA 

^Ye used open cone ether in all of our cases and found it to be the most 
satisfactory type of anesthesia. Spinal anc.sthcsia is to be condemned because 
it increases shock and increases ®pil! of intestinal content. The tvpe of incision 
used depends upon the point of entrance and the probable , ...h of the bullet. 
Too miieh empha.sis cannot be placed upon the greatest speed possible in 
operating- compatible with good, careful surgery. Connors, Eisberg, and 
^tcGowau bave pointed out the need for incisions of adequate length and 
evisceration if there is difficulty in exposing the lesion. The metliod of 
examination advocated by Elkin and Ward’® is excellent, that is, the cecum 
is examined first; .the small intestine is then insnected throughout its length 
".p to the ligament of Treitz, and any perforations ai’c closed when found; 
the large intestine is explored next; then the stomach and letroperitoncal 
structures are examined Bach .surgeon usually explores the abdomen according 
to h‘s own method. 

Table VII shows hat the frequency of injury is. in the main, in propoi- 
tion to the space occupied by the viscus within the peritoneal cavity. 

T.\ )i.E VII. Injuries to Abdc.minal Vi.soka 


Sma) ’''Cesune 47 

La- j i.itostine 37 

Si ’ll 30 

Livei' 27 

Diaphragm 12 

Mesenterj' 10 

Omentum S 

Ilrinary bladder 6 

Kidney 5 

Spleen 6 

Gall bladder 3 

Pancreas 1 


TABM nil. As.SOCIATED iNJORtES — BurUE’" '.VOUNDS 


Extremitio'i " 32 

Lower 20 

Upper 12 

Chest, penetrating 14 

Head 4 

Neck 2 

Buttock 2 

Mandible j 

Penis 1 

Scrotum 1 


Fractured nb with chest 1 

Spine with chest 4 

Total ~ ~ ~ ~ 5|f 
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This sroxip of cases had an exerptionally larfic inimlxer of associated m- 
jiu'ics; in fact, 59 of llie 149 oases had associated extra-ahdominal injuries. 
This, of ooni'se, has a very direct beai'inpr on mortality and plan of treatment.’ 
In Taljle IX i.s shown the moi-fality in relation to associated injuries. 


Tabix IX. J.ronTAi.)Ty With a\i> tyinfODT A.s.socrATKit iN.iunrKs 


VERFOR \TI<)N- OR riA(T.RATIOX OF 

Small intc^fino ~ ~i 

Small iiitf.stinp ivitli assoeialml injiirio-K 
Stiiniaoh 

Stoniacli with a.ssociafcd injurio.'i 
Liver 

Liver with a.S'-'oeiatcd 
Large iiite.stinc 

Large intestine with asaoeiafeti injuries 
Diaphragm 

Diaplnagm tvitli assoeiatod injuries 
Urinary bladder 

1 Unary bladfler with usscn*iated in.jurie.'^ 
Kiilne.v 

Kidney with a.s.voeiatod injuries. 

Spleen 

Spleen with as.°oeiato.d injuries. 


1 V KO 

r>iKi> 

.MORT.MATY 
( Pf;R CENT) 

7 

7 

50.0 

s 

2.A 

75.7 

«> 

•I 

57.1 

1 

10 

S2.(i 

5 


2S.5 

(i 

U 

70.0 


;■) 

02.5 

a 

<>•> 

7!i..’. 

0 

0 

0.0 

o 

10 

SH.:; 

o 
• • 

0 

0.0 

0 

o 

lon.n 

2 

0 

0.0 

] 

ti 

00.0 

1 

0 

o.n 

o 


(iO.O 


The mortalit.v rate for perforation of ;iny siiifrle viscus is highest in per- 
foration of the large bowel. In this seric.s, as is shown in Table JX, there 
AX ere eight perforations of the largo inte.stitie alone and there were five deaths, 
A\hich gives a mortality of 62.5 per cent. There Avere a total number of tAventy- 
nine cases of perioi'ation of the large bowel Avith associated injuries and in 
this group the mortalitxr rate was 79.3 per cent. It should also be pointed 
out that it is relatively unusual to haA’e a i»orforation solely of tlic large boAX'el, 
because Axhen there is large bowel injury usually some associated lesion exists. 
The high moidality I’ate in perforation of the large intestine is due to the 
higher baeterdal count found at this Ica'cI of the intestine and the spillage into 
the peritoneal cavity in most cases leads to a peritonitis w’hich is often fatal. 
In the transverse colon and in the sigmoid, exteriorization of the intastine, in 
our opinion, is of value. Hamilton and Duncan observed that there AX'as a 
piogressiAm increase in mortality from peritonitis as the leA'el of the perforated 
boAvel descends from jejunum to colon. IIoav'ca'ci’, Storck reported in his series 
of cases a relatively loxv mortality in colonic injuries and stated that it Avas 
due probably to the relatively small quantity of spillage Avhieh ordinarily 
accompanies such injui'ies. It has been our experience that sulfonamides placed 
in the peritoneal cavity at the time of operation, and folloAved by sulfonamides 
by mouth or intraAmnously, have not reduced the mortality rate in these cases. 
This is contrary to the published reports of others. We use sulfonamides 
routinely and aauU continue to do so, but it just happens that our results to 
date Axuth their use have not been as impressiAm as the results reported by 
other clinics. 

Perforations of the stomach shoAV a mortality rate of 57.1 per cent, Avhile 
perforations of the stomach plus associated injuries giA^e a mortality rate of 
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82.6 per cent. Kippy found liis mortality rale for stomach injuries alone to 
be 53.3 per cent and in Ins eases where the stomach injury was associated Avith 
another lesion the raoi'tality rate was 65.2 per cent. Hamilton and Duncan 
pointed out that perforation of the stomach and duodenum gives a rather high 
mortality rate because of the relatively large associated blood lo.ss, tlie diffi- 
culty of exposure, and often the frequency of associated thoracic injury. Our 
study is in agreement with these quoted authors and we also found that there 
was a higher incidence of postoperative pneumonia in patients Avith stomach 
perforation than in any other group. Perforation of the small intestine had 
the loAvest mortality rate of any segment of the gastrointestinal tract, Avhich 
Avas 50 per cent for perforation of tlic small bowel alone and 75.7 per cent 
Avhere there Avere associated injuries. 

The mortality rate in patients Avith chest and coincidental • abdominal 
injuries Avas 83.3 per cent. This is in striking contrast to those admitted to 
the hospital Avith a perforated injury of the chest alone, as the majority of 
these patients recovered on a conservative regime. Hardt and Seed“ reported 
a mortality of 56 per cent. Injuries to the liver gave a mortality rate of 28.5 
per cent and injuries of the liver plus associated injuries gave a mortality 
rate of 70 per cent. We had twenty-seven cases of liver injuries Avith sixteen 
deaths and three of tlxe patients exhibited the symptoms that go Avith the so- 
called "liver death." The syndrome of "liA'er death," as described by Heyd,'® 
is characterized by high temperature, falling blood pressure, circulatoiy collapse, 
coma, and then death. The blood loss in these three eases Avas insufficient to 
produce the .symptoms that Ave found. 

It Avas pointed out by Oberhclman and LeCount that the number of per- 
foi’ations of a holloAv viscus has a direct bearing on mortalitj'. This is coll- 
ie firmed by us, as shoAvn in Table X. Of tlie 104 patients operated on, 43 lived, 
i\ 61 died, and 12 of these 61 had associated injuries of head, neck, chest, or 
\ \ extremities. 


Tabi.b X. Differentiac Moutaeity in Relation to Number of Pekpouations of 

Gastrointestinal Tract 


number op perforations 

op GASTKOINTESTINAL 

TRACT 

PIER 

LIVED 

MORTALITY 

(PERCENT) 

1 

12 

11 

52.2 

o 

18 

11 

62.1 

n 

o 

10 

3 

76.9 

4 

2 

4 

33.3 

5 

2 

0 

100.0 

6 

2 

0 

100.0 

7 

2 

0 

100.0 

S 

5 

1 

83.3 

9 

1 

1 

50.0 

It 

1 

1 

50.0 

12 

1 

1 

50.0 

13 

1 

0 

100.0 

15 

1 

0 

100.0 

16 

1 

0 

100.0 

Total 

59 

33 



422 


SUKUKUy 


POSTQPKKM’lVl. COMI’UCATION'S 

Hemorrliafe'c and sliock are Iho most cominou postoperative complications. 
Folhwing operation, after heinorrliape has been controlled, postoperative shock 
is snperimposed upon the shock and hemorrha«c due to the original injury. 
In the ns penotratin" wounds, 74 ])aticnls entered in .shock; S7 died, which 
gave a mortalii)''*rate of 77.03 jicr cent, as shown in Table \ ' noted that 
52.4 per i>int of all operative deaths occurred within the " y-foiir 

hours. ul)ich ind , ' of .shock as a deat ''"'iicing factor 

The other ' o ' >• ’■ hiP.pod m 

Table XI. iv _ rai cd jmriti 


COMPUCA.-’ \ 

Clinical poritonP 

Pneumonia 

Evisceration 

Subphrcnie absc' ss 

Infected retrope-UoPuiu '’o " 

Intestinal ob.'-i ruction due 


I , [ 'lOi.TAU ' V 
u < , 

. < >f‘i 

t . 1 . ’ . . 



Twelve patients devt ' J elini '■ < 

these were patients that iiatl com’ ne*. ‘ ' 

sliown in Table XI, seven rceovorci'.'; 

In one it occurred on the fourtem ' ' ’ ' ' ' ' 

developed pneumonia on tlic fd'-. I’L ‘ 

were preceded by a scroManguijieoi'v > o' 

the percentage of evisceration was 2.1) . _ , st . 

obtained by ‘i.-.milton and Duncan aeo j.aylor'' 

This is .slightly Ingher’ than the oecui'i*" '• ' - icParotomies ir 

general, which is placed, usually bet* • 1 per cent. Ou- 

patient developed a subphrenie ab.see \ ' "^lie .small in- 
testine {eigut perforations) on the .n ' . ‘ Patient 

died on the sixth day after drainage ,r 
retroperitoneal hematoma became inf< ed i y--oi 
This was incised and a large abscess cavity \ found 
800 c.c. of thin, yellowish pus with a foul or he ca 
almost to the eo. margin in the posi 'or a line 

to the internal abdominal I'ing and poste lorly tue border of the rectus spinus 
muscles. The patient made an uneveiii-al recovery and was di^'^'h^rged on the 
sixteenth postoperative day. One patient developed poster ..rat Ice rJhesicns 
with resultant intestinal obstruction and was o])erated upon on the thirty-thi’J 
day following the fii-st operation (there were two pexTorations of the Jejunula 
about six inches below the ligament of Treilz), In the second operation tlierc 
were numerous fine and moderately fii’m adhesions matting the intestine.s to- 
gether on the left side of the abdomen. This patient died on the sixth day 
following operation. 
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rOST-AtOUTKM FIXDIXCS 

Excepting for tlie splendid detailed report of Olierhelman and Jje Count, 
loo few of the recent excellent articles on this subject from the larger el’nics 
have given in detail the post-mortem findings in the fatal cases. This v,l con- 
sider very important. 

Post-n examinations were made on all of the pat’., ts who died in 

this '' medical examiners of New York City, and llie m liowing re- 

ports u. .11 V. . jailable to us for stud'- ** 

In Tab’ liic cause of d' .. >.• '■ IPicd and 

, , ^ ‘ ' ' ' ■* 5 » ^ ^ * 

■ 111 Ki!' . ! ri fi 

' . or Beath !t ‘ - \r Exmiixation 

, _ . . - OF DEi' U sis 


5 

4 

1 


•' nK .STAKTICO 

the el eases in which the patient 
'tfi.ertU.se Oa aealh was hemorrhage and 
'■ I ,od vessel, as shown in Table XIII. 
•” I hemorrhage due to gunshot wound 
’toneiun. This only emi>hasizes 


‘V-fiEicffc AVuu BIFF Before Operation 


OA.Si 

NO. 




0 

11 


AUTOPSY FINDINGS 


4 

30 min. 


• I -'n' •oferitoneum; bullei ivi ued of Prev 1000 c.c. 
; ' ' - ' irrl cavity and 300 c.c in the peritoneal cavity 


1 1 

/ 


A '1 : 

30 min. 


2 hi. 
15 min. 
15 min. 


' ii'- <) ;< ’ 

■ » 

•' ;< t'f.u u , 

I'l .i’ ' Mj: <1 


' ’ iobe of right lung-, inferior vena cava, ex- 
■ioppiitoneum 

Miic artery and vein; 8 peixni aliens of small 


1 !■! I 

'■> r .'1 1 

11.1 r;J. 

') i-'i.,’ ' Mi: It i(,’ t’^iwperitoneum ; 500 c.c. of plood in right 

' 'iye.i', right diaphragm, and anterior and posterior 
m'o ' ‘ of blood in peritoneal cavity and 1,300 

c.c. of MA in right pleural cavity 

Cl ora^ ,,,p J%ht common iliac vein and arteiy, perforation of 

.. N -ITtollOr* 4.1, « l: _ rv .T’ ^ •, « ^ 


I . 


•I 


the 

tions ' ' ’ ileui , 


ft V* - -- XUl itl-AUii VX 

io" ligament ofj'-.veitz and 2 perfora- 

^ wYn *ana 'ieft^kldn 

^'YfYhY jejunum* l»emoperitoneum ; 12 perforations 

llemo^eritoneum; 30 th'ough-and-throngh perforations of the jeju- 

'■’’Nominal aorta, inferior vena cava; duode- 

Bu bY ot the liver 

external iliac arterv and vein, through-and- 

intestfne perforations of tiie small 


•Through the courtesy of Dr. Thomas A. Gonaales. Chief Atedical E.xaminer. 
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the fact that the greater the degree of shock the greater the indication for im- 
mediate ovevf}"-' :; so that hemorrhage can he controlled. 

, LESIONS MISSED AT Ol’ERATIOX 

( ■; .'‘I 

1 iSGS in which the lesions of imporfancc were missed by the 

surg<.> peration i.s outlined in Table XIV. 


'.u: XIV. Lesio.ss Oitulookko at Oi'Ec.vtiox 


CASE 

XO. 

rosTOPi-. 

1>.\Y OF a^ATil 

^ MISSED LESIO.N FOOXI) AT AUTOl’SY 

CAUSE OF 

JiE.ATlI 

1 

9th 

Perforation tlirongli-and-throngli of tlie 
lower poition ni the rcclum; patient de- 
' eloped a perin-.-tal phlegmon 

Peritonitis 



4tli 

Peil'oration of the nsccmling colon 10 inches 
ahove the ilc' aval juin-tion wousuring 
% and i/( ine s in dinmetcr 

Peritonitis 


3 

Cth 

Puiforation of i jjeriennlinai 

Pericarditis 


I 

2acl 

Two perforations ,n the ilesccndiiig colon 
near the spleiiii flexure 

Peritonitis 


3 

9th 

Perforation of tlie duodenum near ''s pan- 
creatic border about % irch in-.'-ngth; 
and a tiirougli and-throiigh perforr 
the stomach 9 inchc.= f ’ an He: ) ” ' 

Peritonitis 

1 • • 

! ■ 

; ' 1 

(i 

7 

1st 

1st 

Two perforations of tl>.';, '-iiai »: 

tlie diiode ' I 111 - ' arioi ■ 

Laceration ‘ •' d’ '' 

.(11c .pari, .. 


an.-, 'She . 

s 

2nd 

.‘Small pejfoi 
the aorta 

A-eitobra 

r 

dorwatcr 

- -re 

DOStO] 

9 

1st 

Perforation »• 


10 

1st 

Two lacerati... ... . ibac A-ein 

' 

dm' 


Five perforations of the gastroi/' Ijiinal tract were rad. s 
of operation. There were three lacerations of the major bIo6 
missed by the surgeon. There was one laceration of the spiel, 
found and one of the pericai’dium. Of the missed perforatiof 
intestinal tract; two were of the duodenum, one of the ascendii 
colon, one of the descending colon, and one of the rectum. Pr-' 
and XIV it is to be noted that injuries to major blood vessels are h' 
and are a cause of very rapid death. 

In this series there were, tlierefore, ten cases in the sever-.v 
where a fatal injury was missed at the time of operation, or in 13. S' _ ' -nt 

the cases. It is important to realize that speed must not be at the ex,>ense of 
care, and, too, that every surgeon in the handling of these cases should develop 
a plan of investigation at the time of operation that will not permit of the 
possibility of overlooking a serious injury except under bizarre cireuni'slanees. 
The exploi’ation should be done with great care, speed, and thoroughness. It 
has been our feeling that most missed lesions Avere the result of incisions that 
were too short and did not permit of sufficient visualization. 


COMBINED THORACIC AND ABDOMINAL INJURIES 

In thoraeo-abdominal injuries the bullet wound of entrance is, in the ma- 
jority of instances, in the chest. In only one case out of fourteen ivas there a 
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lesion found within the chest where the wound of entrance was solely to he 
found in the abdominal wall. In nine cases out of the for <he bullet 

wound of entrance was in the chest and penetrated to the ■ 'his is 

explained by the fact that the patient was in a bending or m at 

the time of injury. It is therefore wise for surgeons Avhei ’best 

injuries to keep in mind the possibility of a concomitant ii 'J .esion. 

In Table XV there are listed the data on twelve f .co .raco- 

abdomiiial wounds. 

In this scries there were tliree fatal eases of combined j.udominal and head 


injuries. In one case the patient was unconscious on admission and presented 
a bullet wound of entrance in the left upper quadrant one inch below the costal 
margin and a bullet wound of the left temporal region of the skull; he died 
one hour after admission to the hospital. ' m another case the patient showed 
ballet wounds in the anterior portion of the temporal region, but x-ray of the 
skull w'as negative for fra'turc, and one Avound of the right loAver quadrant. 

' 1 oneration four perfor'- ' jiis of the ileum and one of the cecum were found. 

patient '• vth i;osto])erative daj'. The third patient showed a 

-ais 't •' '.'mp region -’ud of the chest, the third inter- 

at operation he showed a per- 
•r and died on the first post- 


explored promptlj"-, but opinion 
g operation to treat shock. The 
Hospital is to determin ,the patient’s blood type at once and 
uus infusion of normal saline solution immediately, continuing 
available and then substituting blood for the normal saline 
• and Rippj^ advise against operating, if possible, until the 
pressure has risen above a critical level. We recommend imme- 
>u irrespective of the condition of the patient, because we feel that 
. hemorrhage is a most important factor in the treatment of co- 
'iitinuing shock. Hamilton and Duncan also take this vicAV. Anti- 
ires should be continued along Avith surgical intervention. Wangen- 
steen sl ^tion for decompression is used I’outinely in all abdominal operations 
and Ihc tube is passed immediately’’ after the patient has arrived at the hospital. 
Sulfanilamide, 10 Gm., is placed in the peritoneal cavity in all cases of peri- 
toneal "’oiling. In spite of the encouraging reports from other clinics, Ave have 
not seen any^ appreciable decrease in the number of cases of peritonitis since 
Ave began the use of sulfanilamide intrapcriloneally’. In tAventy’’-seA’en cases in 
Avhich sulfanilamide poAvder Avas placed in the peritoneal cavity’ and sulfona- 
mides AA’ere used sy’stemically after operation, eight patients lived and nineteen 
died, Avliich gAes a mortality of 70.4 per cent. Therefore, in our hands, at 
least, the use of sulfonamides has not appreciably loAvered the mortality’. In 
spite of the poor shoAving made by’ the use of sulfonamides in our hands, it docs 


t.. , Mr' 

' - ‘lili'lt ' 

. ;V'’ '• 

. y-v.., ateetomy jr 

'- 1 . 

■dominal wounds 
.e advisability’ of 



Tabu: XV- TiionAcic-ABHOMiKAr, Woi'Mts; Twklvi; Fatab Cases 


CASE 

XO. 
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not mean that we do not favor their use, hceause we feel that in a larger number 
of cases they will help prevent peritonitis. On the other hand, the use of sul- 
fonamides certainly cannot, and never Avill, take the place of good surgery. 

We have used penicillin in five cases in this series, but it is too early for 
us to draw any conclusions from its use. We do feel that it will help in certaiiv 
cases and we advise its use postoperatively. 

Perforations of hollow viscera were usually repaired by means of purse- 
string sutures or interrupted Lembert sutures. Injuries to the liver were packed 
or sutured if tliere was active lileeding. Injuries to blood vessels were treated 
by ligating the bleeding ve.sscl. Injuries to the spleen were treated by splenec- 
tomy. In this group .1 cases, operations, other tlian suturing of perforations of 
the gastrointestinal! 'raet ajid diaphragm, wei-e perforjnc " -s shown in Table 
XVI. 

Table XVI. Operations Other Tha ■■ axb DiAPiirtAOM 

OPERATION i 

Splenectomy 
Exteriorized intestine 
Suprapubic cystostoniy 

Eesection of small intestine ivitt .--idc-to-side an. . Oi. 

Nephrectomy 

Removal of coccy.x and lower pa it of “acrum ' lij 1 

Cecostoiny 

Eesection of small intestine ’vitli anastomosi over a Murphy utton 
Cholecystectomy 

T.. tre were ith Im eration of the spleen in which splenec- 
tomy was done ai ’ There were three patients with laceration of 

tlio, spleen and a>- -es in wliich splenectomy was performed and 

all three died. Ir • the series the intestines were exterioi'ized — the 

small intestine in i the large intestine in one. The patient with 

the large intestine extc- had four throng li-and-through perforations of 

the transverse colon and jU the third postoperative day. In the cases of 
perforation of the small imestine in whicli tlie intestines were exteriorized, one 
patient lived and one died, they both had multiple through-and-through per- 
forations of tlie small intestine. The three patients on whom a suprapubic 
cj'stostomy operation was performed lived. In three cases resection of the small 
intestine was done lieeause of multiple through-and-through perforations and 
these three patients died. In one case a lilurpliy button was used for anasto- 
mosis and the patient died. It has been our experience that resection of the 
small intestine is a procedure fi’aught with a high mortality. Suture of the 
individual perforations is the procedure of choice and we have never seen in- 
testinal obstruction occur as a result of suture of multiple perforations of the 
intestines. Obviously, if a large blood vessel of the mesentery is injured, the 
surgeon has no choice and should resect the affected segment of bowel. Under 
such circumstances, the IMuriihy button should be used because of the rapidity 
with which the anastomosis can be made. 

In one patient with laceration of the kidney, a nephrectomy was performed 
and the patient died on the twelfth postoperative day. 


NU.MBEIt or cases 

6 

•> 

?> 

• > 

1 

1 

1 

1 

1 



42S 


SURGEKY 


Postoperalively all patients should i-eceive blood transfusions and intra- 
venous fluids to combat postoperative shock, correct electrolyte imbalanee, and 
overcome dehydration. The use of sulfonamides and penicillin is recommended 
in all cases where there has been perforation of a viscus, excepting' the sj)leeii. 

In most eases in this series drainafic wa.s carried out when there was spillage 
in the peritoneal cavity. t)ur staff is still divided as to the advantage and 
necessity of drainage. It is our feeling that a small Peniuse drain does no 
harm and does not add to the mortality, but, in fact, may prevent an occasional 
death from peritonitis. Drainage does not. however, take the jilace of careful 
toilet of the peritoneal cavity at the time of operation or of gentle handling 
of tissues commensurate with tiie mce.s.sary speed that is indicated in these 
operations. 

St'MMAKY 

Despite the increasing number of excellent clinical report.s of large groups 
of cases, we have attcmjjted to emph.i.size certain facts which we felt needed to 
be constantly brought to the allenlion of surgeons who are engaged in this 
work. 

1. The presence of abdumina) rigidity and tendernc.ss is tlie most valuable 
clinical sign of penetrating wounds of the abdomen. 

2. A positive abdominal tap or the finding of a pneumoperitoneum on 
radiographic examination is a valuable diagnostic sign of abdominal penetration 
in some cases. 

3. Immediate operation is indicated in all penetrating wounds of tlie abdo- 
men; shock Ls no eonti'aindication. The .surgeon .should he alert to reduce to 
a minimum the time between the admission of the patient to the hospital and 
operation. 

4. Blood tran.sfusions and intravenous fluids should be used to reduce 
shock and effect tlie necessary fluid lialanee; this is an immediate and urgent 
part of the treatment on adniis.sion. 

5. The surgeon .should use sufficiently large incisioms to give adequate ex- 
posure liecause a .substantially large reducible factor in mortality is caused by 
missed lesions. 

6. Sulfonamides do not take tlie place of good surgery, but they should he 
used because we consider tliem iiotentiall.v valuable ad.iuvants. Penicillin should 
be used postopei’atively in cases wliere there has been a perforation of the gastro- 
inte.stinai tract. 

7. Extreme .shock is often indicative of blood vessel injuiy. Earl}' death 
upon arrival in the ho.spital is usually due to an injury of a large blood vessel. 

8. “Liver deaths” explain some deaths where tliere is liver injury that is 
not primai’ily due to shock and hemorrhage. 

9. Too few papers on this subject detail tlie post-mortem findings in tlie 
fatal eases. 

10. Age and physical condition of the patient at the time of injuiy and 
the presence or absence of associated injuries ai’e definite factors affecting mor- 
tality. 
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In conclusion, there is no group of wounds which requires more earl}’, 
energetic teamwork and cooperation on tlic part of the enlire hospital staff and 
nursing service than gunshot w'ounds of the abdomen, and a recognition of tliis 
fact will be an appreciable factor in the rcductioii of mortality from sucli 
injuries. 
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ACUTE PULiMONARY EDEMA ASSOCIATED ^Y^m MEDIASTINAL 

EilPlIYSKJIA 


P. T. Wallace, ]\l.D., Ciiaki.kston, S. C. 

(From the Department of Surgery, Medical Calleije of the State of South Carolina, nmi 

Jloptr Jlosintal) 

M ediastinal emphysoma l)c*cojn(* recognized as a ralliei' connnon 
condition with imi)ovtant clinical aspects. The melliods of production 
are now well understood as a result of experimental sfudie.s. Emphysema of 
the mediastinum has been observed in the following circumstances: as a pre- 
operative and postoperative com]ilicalion (»f Ij'acheotomicsp'’" as a result of 
blunt trauma to the chest wall, frctiucntly associated with, but r.ot due to, frac- 
tured ribsp as a spontaneous occurrence:*' ’’ during parturition;’'* during an 
acute asthmatic attack;’’ as a complication uf ])enetrating wounds of the trachea 
or bronchus; as a complication of iniralracheal anesthesia;"' after the induction 
of artificial pneumothorax;" as a complicaticai of foreign bodies in the bronchi;"’ 
and m the presence of unrelieved iesi)iral(iry obstruction.-' ” 


CAr.sE.S OE MKl>IAS'nN\L KMl’IIYSEMA 

The experimental work of !Macklin and Fischer’”' ”' has done much to clar- 
ify the pathogenesis. As a result of overintlation of the pulmonary alveoli, air 
ruptixres into the interstitial tissue of the lung and dissects within the sheaths of 
the pulmonary vessels to the mediastinum. This is the mechanism of prO' uction 
in those conditions which produce incrca.scd intra-alveolar ])vessure. Thus, it is 
the mechanism in laryngeal obstruction, foreign bodies in the bronchi with e.x- 
> trusion efforts, during an asthmatic attack, during expulsion efforts in labor, 
as a re.sult of overinflation during intratracheal anesthesia, in the spontaneous 
variety, and as a result of blunt trauma to the chest wall. 

Some cases of spontaneous mediastinal emjihysema develoj} immediately 
after severe coughing. Others occur in newborn infants who may have some 
degree of respiratory obstruction or a compensatory dilatation of the alveoli 
because of an atelectasis. However, in .some cases no cause of alveolar rupture 
is discernible.®'’” An aid in the diagnosis of mediastinal emphysema is the 
presence of loud crepitant rfdes heard over the precordium which are synchro- 
nous with each heartbeat. Ilamman® described it as a "peculiar crunching, 
crackling', bubbling sound heai'd over the lieart with eaeli contraction. ’ The 
sound is sometimes heard only with the patient in certain ' positions. The 
presence of subcutaneous crepitation confirms the diagnosis. 

Mediastinal emphysema occurring after induction of artificial pneumothorax 
is probably due to injection of air into the interstitial tissue of the lung through 
a pleural adhesion.® 

A common method of production of mediastinal emphysema, which ma.i 
not involve puImonai’.v overflation. occurs during tracheotomies performed to 
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relieve obstruction of the upper resi)irjiloiy passages. After the deep facial 
planes of the neck have been entered and before the trachea has been opened, 
the extreme inspiratory efforts suck air into the mediastinum from the exterior 
through the operative incision. 

The third mechanism of i)roduction is less common. Traumatic perforations 
of the trachea or bronchus may permit the escape of air into the deep fascial 
planes and produce a massive mediastinal emphysema. 

EFFEGT.S OF MEDIASTIXAL EMPHYSEMA 

It is noM’ veil established that when sufficient intramediastinal tension 
develops, air ruptures through the mediastinal pleura into the pleural cavity, 
producing a pneumothorax.’" A review of tlie cases in Roper Ho.spital in a 
five-year period reveals three such instances. Numerous cases have been re- 
ported."’ ■*’ Neffson’ found seventeen instances in 126 tracbeotomies. Injury 
to the pleura during a ti’a’cheotomy fi’equently has been blamed, but the reported 
cases reviewed at autopsy have revealed that the pleural domes were intact, 
indicating that the intrapleural air extended fi'om the mediastinum. 

A serious complication of mediastinal emphysema is interfei’ence with the 
circulation in the pulmonary vessels and the consequent development of acute 
pulmonary edema. Air under pressure in the mediastinum surrounds and ob- 
structs the vessels, obstruction of the pulmonary veins occurring before obstruc- 
tion of the pulmonary arteries. More blood is forced into the lung than can 
escape, and the pressure within the pulmonary capillaries rapidly rises. Transu- 
dation, of fluid from the capillaries occurs and acute pulmonary edema results. 
The possibility of circulatory failure has been mentioned in the literature®’ ’®’ 
but no elear-cut cases of acute pulmonary edema have been reported. 

) 

CASE EEPORT 

A 28-j'ear-old Negro man was admitted to Eoper Hospital (Case 26186) Jan. 30, 1944, 
about forty-five minutes after receiving a stab wound of the neck, inflicted by a “switch- 
blade” knife. Physical examination revealed a well-developed, dyspneic, apprehensive Negro 
man, complaining of substernal pain and in obviously acute distress. Blood pressure was 
120/70, pulse rapid but of good volume. There was a penetrating wound of the neck, about 
1 cm. in length, situated just to the left of the niidline at the level of the first or second 
tracheal ring. Both air and blood bubbled back and forth through the wound nuth each 
respiration and it was obvious that the trachea had been penetrated by the knife. The 
neck was distended and palpation revealed the characteristic crepitation of subcutaneous 
emphysema. Purther palpation demonstrated subcutaneous air in the region of both shoulders, 
the face, upper eyelids, forehead, and superior portion of the thorax. Because of the 
interference with auscultation by the loud crepitation over the chest, interpretation of the 
physical signs of the cardiopulmonary examination was difficult; it was thought, however, 
that left hcraopneumothorax was present and that some pneumothorax had occurred on the 
right side. Eadiographic examination of the chest revealed evidence of extensive emphysema 
of tlie mediastinum and the soft tissues of the neck, back, shoulders, and lateral chest walls. 
The remainder of the examination was noncoiitributory. 

Shortly after admission, the administration of oxygen by nasal catheter was begun. 
It was noted that the emphysema was spreading rapidly. Coincidentally, the patient became 
more dyspneic and his blood pressure was falling. Accordingly, one hour after admission, 
a tracheotomy rvas done at the level of the second tracheal ring under local anestlicsia. On 
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return fiom the oiieintiiiK loom, the putiont «as hrcatliing more ca'fily but ttc pulse was 
rapif! anti noak am] the blood pressure was lOO/6'o, Continued fail in blood pressure «as 
mtci preted as shoek and, eonscqucntly, 500 e.c. of plasma witli 500 c.c. of nonral saline solu- 
tion neie adrainisteied intravenously. Almost inimediatcly after completion ‘of the intra- 
lenous infusion, tlio jiatient’s respiiation became labored and irregular and, in spite of con- 
tinuous o\>gen and cardiorespiratory '•tiniiilation by nietrazol, coraminc, and cattcine, he 
died tliiee hours utter operation. , 

E.vaniination of the body at autopsy rercaled that the trachea liad /been penetrated 
iluoiigh both its anterior and posterior wall*;. Subcutaneous and mediastinal emphysema was 
pronounce 1, the latter estending from the root of the neck to tlic diaplirapm. Each pleural 
cinit.i contained a small amount of air and about 1.50 c.c. of clear strait-colored fluid; no 
blood was noted. Both lungs were lioggj- and jiermitfed the e.scape of mxjcb frothy materia! 
on pressure. Careful e.vaniination failed to reveal any evidence of perfonition of the apical 
pleura on either side. There were no ofhci hndings of .significance. The necropsy diagnosis 
was penetrating wound of trachea, bilaieial hydropiicimiothoraN, siibcu^tancous empliysema, 
and acute pulmonary edema. j 

I 

Comment . — Tliis case rcpi'eseiifs aii example of acute pulmonary edema pro- 
duced by compression of the pulmoiiary veins in the medisWinum incident to 
the massive accumulation of ;iir. It is noted that death /occurred after the 
further production of niodi,is.tin!il cmpliy.sema had been liiltcd by the trache- 
otomy. The fatal outcomi was certainly intlueneed by the administration of 
intravenous fluids wJiicli latsod the pressure in the alr/ady overloaded iiul- 
raonaiy capillaries. In retius])cct. withdrawal of .several hundred cubic centi- 
meters of blood would have been more rational than the i/it ravenous administra- 
tion of plasma and saline .solution. ’ / 

A small amount of air was found in each pleural cavity at autopsy. Care- 
ful dissection of the pleural doiius failed to reveal any evidence of injiuy, in- 
dicating that air progi'c.ssed from the mediastinum to the pleural cavity' to pro- 
duce the pneumothorax. Tlie volume of pneumolhoi’ax was small, however, and 
probably did not greatly influence the coni-se. 

CU.XICAL UnUACATIOX.S 

Numerous points of clinical significance may be derived from a review of 
the causes and eftects of incdia.slinal empliy.scma. Conditions producing mai’k- 
edl}' increased intra-alveolar pressure should be avoided or relieved as soon 
as possible. The often lieard plea for early tracheotomies when laryngeal ob- 
struction is progi'essing is re-empliasized. Preliminary- insertion of a broncho- 
scope into the ti'achea is indicated in many cases of inflammatoiy laryngeal 
obstruction. The ti’acheotomy- may- then be done w-itli the bronchoscope in place 
as an airway- Free communication with acMitioual fascial planes of the neck 
by dissecting away the investing fascia of the trachea during the tracheotomy 
should be avoided. The trachea should be opened as soon a.s possible after the 
deep fascial planes are entered, in a patient wlio lias lary-ngeal obstniction. 

Intravenous fluids should be omitted in the presence of unrelieved i-espira- 
toiy obstruction, and in any- patient who lias mediastinal emphy-sema. If the 
latter condition produces a dangerous degree of tension, it sliould be decom- 
pressed by- a low transverse cervical incision, the mediastinum then being entered 
by- blunt dissection.'^ 
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A carCul examination for pncnmothorax should be carried out in all sit- 
uations in ■shich mediastinal emphysema occurs, particularly after tracheotomies 
for laryngel obstruction. Air should be aspirated if it is producing respira- 
tory embaiTssment. If tension pneumothorax develops, provision must be 
made for tin contiiiuous escape of air from the pleural cavity by closed de- 
compression. 

\ 

SUMMARY 

The causemnd effeks of mediastinal emphysema are reviewed. An addi- 
tional effect, acte pulmonaiy edema, is discussed and a case presented. 


REFERENCES 

1. Neffson, A. Hay: Tension yneuinotlioriix and Mediastinal Empl'ysema After Trache- 

otomy, Arc Otolaryng. 37: 23, 1943. 

2. Grabaener, H.: neumopericardi^tn and Pneumomediastinum in Ca.'-es of Acute Obstruc- 

tive Laryngjg, Arch. Otolai\ng. 29: 446, 1939. 

3. Forbes, G. B., an^gaimoh, G. W. :\Mediastinai Emphysema and Pneumothorax Following 

Tracheotomy y. Pediat. 23: lln, 1943. 

4. "Work, Walter P.;Mediastinal Emjljysema and Bilateral Pneumothorax Complicating 

Tracheotomy, vch. Otolaryng. 37^.526, 1943. 

5. Gaudrault, G. L., a' Chalmers, D. M. :\Emergency Treatment of Traumatic Emphysema 

of the Mpdiasium, New Englandxf. Med. 224: 940, 1941. 

6. Hamman, Louis: Sjitaneous Interstitial'Emphysema of the Lungs, Tr. A. Am. Physi- 

cians 52: 311, I7. ’ •' 

7. C^aldwell, Hayes W.: Spontaneous Media.stinari%jiphysema, J. A. M. A. 116: 301, 1941. 

8. Fischer, John H.: S]jtaneous Pulmonic Interstitkj ^nd Mediastinal Emphysema in an 

Infant, Canad. Aa. J. 44: 27, 1941. \ ' •’ 

9. Morey, J. B., and Sosiq, M. C.: Spontaneous Emphjkv.,a, Eadiology 32: 19, 1939. 

10. Smith, A. B., and Bows j. p.: Spontaneous Pneiiniomebr^stinum Witli Beports of Two 

Cases in Infants, liiology 38: 314, 1942. ^ 

11. Murphy, J. P., and Ze l. p.: Spontaneous Interstitial MvJiastinal Emphysema, J. 

Missouri M. A. 39: 1942. \ r- j » 

12. Hamman, Louis: SpontiQus Mediastinal Emphysema, Bull. Joliiii^.Hopkins Hosp. 64: 

I, 1939. 

13. Fischer, J. H., and Mack c. C. : Pulmonic Interstitial and Mediastiiwi Emnhvsema 

Am. J. Dis. Child, b i02, 1940. \ ’ 

14. McGuire, J., and Bean, Wi.; Spontaneous Interstitial Emphysema nf theA>.ncrc: Am 

J. M. So. 197: 502, H. 

15. Faulkner, W. B., Jr., and M-ner, E. J.: Fatal Spontaneous Emphysema in an Asthmavm 

J. Allergy 8: 267, lOSi i- 

16. Marcotte, E. J., Phillips, F. ^ Adams, W. E., and Livingstone, H. : Differential Intra- 

bronchial Pressure and diastinal Emphysema, J. Thoracic Surg. 9: 346, 1940. 

17. Macklin, C. C. : Pneumothor With Massive Collapse Prom Experimental Local Over- 

Inflation of the Lung Sitance, Canad. M. A. J. 36: 414, 1937. 

18. Macklin, C. C. : Transport Along Sheaths of Pulmonic Blood Vessels From 

Alveoli to Mediastinum, it,, j^t. Med. 64: 912, 1939. 

19. Hamman, Louis; Mediastinal rphysema, J. A. M. A. 128: 1, 1945. 


Editorial 


Venous Interruption in Thrombo-Embolic Diseas 

INTERRUPTION of llie femoral veins af tlie groin, »iiico it wa^J'st described 
i liy Homans in 1934, lias become an aeeejiled mohod to ])i 7 ent fatal pul- 
monary embolism. Unfortunately, but not uncvectedly, as"''ll> am' new 
method of treatment, serious complications from tb- o]H‘ration ir being reported 
in the literature. The chief one is that instances of inte^‘i't’J't‘c '"'iUi 
circulation of the extremity occur following the operation. A/analysis of these 
reveals that too much of tlie venous return Rom the leg hay>een interrupted. 
In some cases not only the common femoral ’cin but also the/pbenous had been 
interrupted and in some instances a block 'xcision had been/onc of the femoral 
vein ineludijig the sapheno femoral .iuucU>n and the pi-oxim* ends of the super- 
ficial and deep femoral veins. In vi<^''-'of these ca.scs it w'orth while to 
draw attention to the fact that ^cmoral vein inlerruptifP have been carried 
out in over 1,000 i)atienls at th' ^Massachusetts Ueneral IIm”P>^ without a .single 
instance of serious inteiTejoJice with the circulation of /c extremity, and the 
mortality rate from the i>roeedure has been zero. It is/^f Miat this is because 
we adhere to certaii’ basic principles, and in order / help prevent further 
eatastrophies it seotis wortli while to inmunerate them./ 

The chief indications for bilateral femoral vein /iterruption are (1) the 
presence of venous thrombosis in the deep veins of thfln"’<tr extremity, (2) the 
occurre-'ice of a Jionfatal pulmonary emliolirs irre.sj)e(^re of whether or not the 
iQfrs show .sijTiis of vciious thrombosis, (3) a eoncoiatant rise in temperature, 
pulse, and respii'ation postojieratively in a patient pd cannot be explained by 
some other cause, (4) venous thrombosis diagnofd in one extremit.v, even 
though no signs of venous thrombosis are dctecte/hi the other, and (5) as a 
prophylactic measure in patients over 50 years of ;/e who are subjected to major 
abdominal or pelvic operations for malignant This may be performed 

as a separate operation or at the same time as A i“‘i.ior operative ijrocedure. 
Prophylactic interruption has also been carried Art wdth good results in elderly 
patients wdth fractures of the hip. It is espcAahy valuable in patients w'ith 
an intratroehanterie type of fracture becau.se the high incidence of fatal pul- 
monary embolism in this group. I 

The purpose of the operation is to intertupt the long column of blood in 
the femoral and popliteal veins, so that if a el/t forms in them it cannot be swept 
upw'ard to lodge in the inilmonary arterA Interruption of the superficial 
femoral vein just distal to its junction with /he deep femoral may be carried out 
without danger to the circulation of the e.'-tremity in any patient irrespective 
of his age. It is the safest level for the average surgeon to interrupt this large 
venous s.vstem, since the vessel at this point is free of any tributaries. At the 
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same time the long venous ehannel of the legs is interrupted at a sufficiently 
high level to prevent fatal embolism. The vein may be tied in continuity, but 
division of it and ligation of each end with a primary ligature and a secondary 
stitch ligature distal to it in each stump is considered the better procedure. 
These ligatures should be of the nonabsorbable type, either silk or cotton. The 
safest method of anesthesia in the po.stoperative or very ill patient is local in- 
filtration of 1 per cent procaine solution. 

j\Iinor pulmonary emboli following femoral vein interruption have occurred 
in about 5 per cent of our eases. The ma.iority of these probably arise from the 
profunda femoris branch or the common femoral vein above the point of inter- 
ruption. Only two deaths from ])ulmonary embolism have occurred folloTOng 
bilateral femoral vein interruption in our .series of 1,000 patients. The super- 
ficial femoral veins had been interrupted in one and the common femorals in the 
other. Neither patient died of a sudden massive embolus, but succumbed to the 
cumulative effects of relatively small emboli arising from clots in the iliac veins 
which were superimposed on the ones oceiuTing prior to the vein interruptions. 

In some cases, to prevent these postinterruption emboli it is considered a 
• better operation to interrupt the common femoral vein proximal to the pro- 
funda branch. In general, this type of interruption, should be reserved for those 
patients in whom a thrombus is found in the common femoral vein, since a sec- 
ondary thrombus is more apt to form after removal of, the primary one than if 
none was present, and later be dislodged by Imek pressure in the profunda 
femoris vein. The surgical interruption of the common femoral vein, if it con- 
tains a thrombus, will not endanger the circulation of the extremity, since it 
already has been occluded. The common femoral vein is relatively short and 
several large tributaries drain into it, so that it is a more difficult procedure to 
interrupt it than the superficial femoral vein. One or turn of these branches 
usually must be ligated and divided separately to give sufficient length of vein 
to permit its safe division and ligation. Tlie division should be distal to the 
saplienofemoral junction, leaving the saphenous vein as a collateral channel for 
the venous return. Under no circumstances .should the common femoral and 
the saphenous vein both be interrupted, unless it is found that they are already 
occluded with thrombi. This is especially true in elderly patients with deficient 
arterial circulation, .since apparently the.v have as poor a venous collateral as 
they do an arterial one. A good rule is that unless the dorsalis pedis and pos- 
terior tibial arteries can be palpated in the feet, the superficial femoral vein 
should be interrupted and not the common femoral, unless the latter is already 
occluded by a thrombus. 

Pain and su'elling of the leg secondary to thrombophlebitis do not alwa.vs 
subside following femoral vein interruption and in a few instances they become 
more marked due to a spread of the thrombosis distal to the site of vein inter- 
ruption. In these patients, as an adjunct in treatment, marked amelioration 
of the pain and swelling can be obtained by paravertebral procaine injection of 
the lumbar sympathetic chain, as has been recommended by Ochsner. 

Interruption of the venous s.vstem at a higher level, namely, the inferior 
vena cava or the common iliac veins, .should not be done routinely but reserved 
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for the unusual ease of llirombo-embolic disease, in ’ivliicli the femoral veins Imve 
been thrombosed for one week or more and pulmonary emboli are still oecurnng. 
This is because the thrombi at this stage of the disease are so adherent that It is 
impossible to remove them through the femoral veins. Inferior vena cava inWr- 
ruption is also indicated in patients who are having septic tjulmonaiy emboli 
from sepsis in the pelvis or lower extremities. This is preferable to bilateral 
eommon iliac vein interruptions, because the venous .systems from both extim- 
ities can be interrupted through a .single exposure. It should be remembered 
that it is a major surgical procedure requiring general or .spinal anesthesia .in 
contradistinction to femoral vein interruption. I’he development of postphlebitie 
lower leg ulcerations and varices of the abdominal wall following inferior vena 
cava interruption are additional reasons tliat tlie operation should not he used 
routinely in the treatment of thromIm-emboJic disease. In a group of twelve 
eaval intei-niptions in the clinic at ]Mas.sachnsetl.s Genei'al Hospital, two patienls 
have developed indolent ulcers of tlic lower leg and a third ])atient lias had bi- 
lateral recurrence of them, whereas only one transient postphlebitic ulcer hm 
occurred in the group of 1,000 iraticiits with femoral vein interruption. 

It is our opinion that if these acneral principles of venous interruption in 
the treatment of thrombo-embolie disease are followed, livc.s will he saved from 
fatal pulmonary embolism and serious eomplications will he eliminated. Fur- 
thenuore, this procedure eliminates the long eouvalcseence necessary in the con- 
servative treatment of thrombophleintis. 

Finally, it should be pointed out that the interruption of these large veins 
should not be entered into too lightly by the average surgeon unaccustomed to 
dealing with large blood vessels. Alarming liemorrhago may occur if the femoral 
vein or one of its tributaries is accidentally torn and tlie femoral artery may be 
irreparably damaged in atfenqiting to control it. 

— Eobert R. Linton, MM. 

Boston, Mass. 
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PRINCIPLES IN REPARATIVE PLASTIC SURGERY 

Experiences in a General Hospital in the Tropics 

Lieutenant Colonel Herbert Conway, New York, N. Y., and 
]\Iajor I^enneth B. Coldwater, St. Louis, Mo., 
i\lEDicAL Corps, Arjiy op the United States 

P ROBLELIS in plastic surgeiy in a genei’al hospital in the communications 
zone predominantlj’- are those of closure of war wounds. Obseryations and 
principles reported here are derived from experiences with 4,040 surgical battle 
casualties from the Philippine campaign. These were admitted during the 
period of Oct. 25, 1944, to March 25, 1945. A less important source of admis- 
sion was provided by burns, trauma, and the ever-prevalent tropical ulcer in- 
cident to the activities of personnel in the tropics. 

Transportation problems in the vast Pacific distances exerted a profound 
influence upon the choice of surgical procedure. Forty-nine per cent of cas- 
ualties admitted during the first six w'eelcs during the battle for Leyte came 
under our care five to eight days after injury. During the Luzon campaign, 
36 per cent of 1,566 patients had been under care in evacuation hospitals or on 
ship en route for twenty-one to fifty-five days. Thus, this surgical service was 
confronted with an ever-changing picture of wound condition. The aim to 
evacuate no patient to the United States with unhealed wounds was based on 
the knowledge that patients would receive nothing other than emergency sur- 
gical care during the five-Aveek period after they were removed from our Avards. 
The attainment of this goal Avas prevented by the need for hospital beds during 
a brief period and by the physical limitations of the operating staff. 

Embodied in this report are 468 secondary closures, 306 split-skin grafts, 
46 small deep grafts, and 28 primary procedures inAmhang the transplantation 
of flaps of skin and subcutaneous tissue. Recent Avounds are more suitable for 
secondary closure. There is a definite loss of elasticity of the skin and sub- 
cutaneous tissue in older Avounds even though there is no loss of tissue. Despite 
Avide undermining, the margins of older AAmunds cannot be approximated Avith- 
out dangerous tension. Hence, skin grafting Avas employed more frequentlj’ 
in the care of older Avounds. We haA'e seen little indication for flap or tube 
grafting. This is a mission of the reconstructive centers in the United States. 

Roceived for publication, Aug. 27, 1945. 
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The nature and the scope of intermediate or reparative siirgeiy imvc been 
clearly stated by Churchill in relation to the European Tlieatcr of Operations. 
The prompt closure of wounds prevents infection and contracture, converts 
compound into simple fraotures. and prepares for early rccon-structive surgery. 
In the Pacific Theater of War, the chain of evacuation i.s so prolonged that the 
hazard of nitrogen loss from wound secretions is an additional factor demanding 
consideration. The efforts of reparative plastic surgery in a general hospital 
in the Pacific Theater are directed, first, to an appraisal of the wound and .selec- 
tion of a course of preoperativc wound therapy; second, to the selection of the 
appropriate operative procedure; and finally, to the pori'oimanec of Ihe opera- 
tion and attention to postoperative care. Wc believe in the paramount impor- 
tance of the preoperative care of the wound and the neee.ssity for .sound sxu'gical 
judgment in choosing the time and meehajiies of ll)e oporaihii. To tins effect, 
it was possible to train eighteen medical offieens without previous e.vperienee 
in skin grafting or secondary wound closure. Papidly they developed opera- 
tive skill and knowledge of postoperative care so that they could perform 
split grafting effectively. But those medical officers could not be developed in 
their surgical judgment in wound care or in .selection of operative procedure 
during the brief period while they were under training. 

OnSERVATtO.VS ox WOUXDS 

Condition on ^Idnimion . — This series of battle ca.sualtics permitted observa- 
tion of large numbens of wounds at increasing intervals of time following initial 
surgery in the forward echelons. Tliese intervals ranged from fii'o to sixty days. 
Wounds which had been treated by frequent change of dressings were in much 
better condition than those treated Ijy tlm olo.sed method. Treatment during this 
inteilra was limited to supportive measures and cbemotlierap.v. Packing of 
wound.s with petrolatum gauze for transportation of the patient now is popu- 
larly condemned. Wounds so treated frequently showed exfen.sive infection at 
the time of admission. Reparative surgery perforjned during transport on 
ho.spital ship.s failed in a bigii percentage of cases. 

Cnltnre.s of wounds taken at the initial dressing commonl.v showed rai.vcd 
infection. B<tciUu.s protexis, Bocilhts pi/ocyoneus, and staphylococen.s were the 
common contaminants of wounds. Beta hcmol.vtic streptococci were found 
rarely. Diphtheroids were recovered on culture frequently. Ctosiruliwn 
wetchii was found in thirty-seven eases of clinical gas infections or gangrene and 
as a .surface contaminant of 138 other wounds in the series of 4,040 battle casu- 
alties. 

Observation of these wounds of varied t.vpe suggested a simple classification 
which was used as the basis for selection of operative px’ocedures. The wounds 
were gi’ouped as follows : 

1. Recent clean wounds xvithout invasive infection and ready for 
I’eparative surgeiy after Ijrief treatment (Fig. 1, A. and . 

2. Recent wounds which are infected and complicated b.v devitalized 
tissue or retained foreign body and in need of further debridement 
or extension of drainage {Pig. 2, A, and C). 




A. B. 

Fig. : ' ' ■ ' recent wound of soft tissue ready for grafting. B, Re- 
sult of han . .'Ithout sutures. Mesh gauze and collodion were used for 

retention. ms of a plaster hip spica. Saline dressings were applied 

to the grafts after operation through a large window in the spica. 



A. B. C. 

Fig. 2. — A, Tliroo stages in the treatment of a recent wound complicated by devitalized 
tissue and retained foreign bodie.s ; appearance on admi-ssion. Wound caused by explosion of 
a Japanese slicll. B. After dSbridenient and frequent change of wet dressings' of azochloni- 
mide 1 :3300 solution; read.v for grafting. C, Result of application of hand-cut split-thickness 
grafts, no sutures used. Grafts retained with mesh gauze and collodion. Immobilization in 
piaster Itip spica. Paline dre.s.=ings clianged through window in cast. .Several .small bleb.s 
can be seen on the surface of tlie graft; tliesc were caused by tiny wood fibers extruded to 
the surface. 


3 Ijcilu clean granulating rounds, including those M’ith advanced 
scarring and eontiaclurc (Fig. 3, A and JJ). 

4. Tjate chionically inieetod wounds M'ith exposed bone (Fig. 4), ten- 
don (Fig. o), or other coinpheations .such as pyoarthrosib, asteo- 
nijehtib (Fig. 6) or auaeiobic infection (Fig. 7). 



Fig J — A, Appearance at the tiiiit of admission thiitj-two dn's after dfibndenient foi 
bullet wound This Is an e\ampIo of a late clean gianuinfing wound with adtanced scarring 
and contiactuie The margins of the wound are indurated and tense foi a distance of 5 cm. 
Tlie elbow cannot be evtendod beeond an angle of 90 degrees B, Sis.tcen da>s after the ap- 
plication of a split-thickness giaft to granui.ating surface Contracture limits evtension but 
edema and induration aie subsiding Tlie patient is recelting pli 5 siotherapj and the exten- 
sion has impioxed 



Fig 4 — An example of a late chronically infected wound with exposed bone 





Pig, 5. An example of a late chronically infected -wound witli exposed tendon. 

A. 





B. 

Fiff. G. — A, r>nrge chronically Infected wound with massive defect of tlie interior tldgli 
associated with compound fracture and osteomyelitis of tlie femur. Wound caused by a 
Japanese dum-dum builet which entered the posteromedial aspect of the thigh. A pus-ftlied 
sinus at the upper left drains from the fracture site. B, Result twenty-two days after the 
application of a dentnitome graft. Tin? sinu.s still drains pus. rent at tlic margin of tiic 
graft for drainage remains unlicaled. Ward' procedure; .skeletal traction undisturbed, open 
dressing technique. A few aeees.sory sutures were used to overcome the contraction of tfie 
graft induced by tlm rubber cement. In this case the graft affords a permanent cutaneous 
surface. 
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5. Early and late second and third degree infected burns (including 
phosphorus burns). 

Preoperative Treahnent . — Physiologic reactions to ti’opical environment 
must be considered when planning any regimen of preoperative wound care. 



Fig*. 7.— Late chronicallv infected wound with exposed Achilles tendon secondary to 
debridement for gas gangrene. Injurj* by Japanese mortar fire. B, Sixteen days after ap- 
plication of split grafts, C, Detail view of the leg and foot. Note that the graft which was 
wrapped around the tendon has taken completely. 
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The cornified layer of llie epidei'iiiis is thin and defieient in tlie tropics. Deeper 
layers of cells are hydropic and immature. There is more intense proliferative 
activity in the stratum germinativum and constant sweating leads to maceration 
and rapid desquamation of tlie poorly keratinized layers. Unless constantly 
removed, this moist epithelial detritus is a culture medium for B. pyocyaneus, 
protens, diphtheroids, and staphylococci and provides a source of constant 
reeontamination of the wound. Folliculitis and impetigo are found often under 
occlusive dressings, particularly if they are greasy. Dermatologists learned 
early in their experiences in the tro])ics that .skin will not tolerate petroleum 
products. 

In the preoperative care of wounds, wet dressings of 1 :3300 aqueous solu- 
tion of azoehloramid were employed. These were changed at four-hour inter- 
vals. The initial step in wound care was the removal of any necrotic tissue by 
sharp dissection, llany wounds wei-e i*eady for closure or graft in twenty-four 
to forty-eight hours following the institution of such treatment upon ai’rival 
at a general hospital. Attention to the Avound margins and the surrounding 
skin is an essential feature of dressing care for the reason indicated previously. 
Persistent drainage from a sinus was indication for search for buried foreign 
body. Saline dressings were used on those feiv patients who showed irritation 
of the skin from azoehloramid. A mild astringent in the form of dilute potas- 
sium permanganate solution was found to be useful in controlling surrounding 
dermatitis. The local application of penicillin to wounds Avas found to be a 
useless extravagance. Compresses moistened Avith penicillin Avere effective only 
AAdien changed frequently. The same result could be obtained Avith saline dress- 
ings. One hundred thirty-eight AA'ounds Avere treated Avith penicillin packs. 
Dressings Avere changed at tAventy-four-hour intervals. ' Ten cubic centimeters 
of penicillin solution (250 units per cubic centimeter) Avere added to the pack 
at six hourly intervals. There folloAA^ed such a striking increase in Avound 
exudate and in the groAvth of gram-negative organisms that this type of treat- 
ment Avas promptly abandoned. This same treatment Avas used later on the 
occasional AA^ound infected Avith beta-hemolytic streptococci. Improvement Avas 
prompt and sustained in such instances. Sulfonamide drugs Avere not used 
locally in the treatment of Avounds. Systemic administration of sulfadiazine or 
penicillin • Avas limited to patients AAdio Avere febrile or toxic, or Avhose Avounds 
shoAved streptococci or evidence of spreading infection. Patients Avere not op- 
erated upon until the red blood cell count and plasma protein content of tlie 
blood had been restored to normal values by the transfusion of Avhole blood or 
plasma. 

Choice of Operative Procedure. — Secondaiy suture unquestionably is the 
best method of closing Avar Avounds AA'henever practicable. It provides full .skin 
and subcutaneous tissue covering for the defect and in our experience alloAA's 
for the excision of much of the ncAidy fonned scar tissue Aidiich causes deformity. 
IIoAvever, our ratio of 4.6 closures to 3.0 grafts does not seem to support tliis 
contention. The more obvious factors leading to the selection of a grafting 
procedure are loss of substance and AA'ound complications such as exposed bone 
or tendon, pei-sistent drainage from a fracture site, or infection of joints. Cer- 
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tain anatomic locations are not suitable for secondary closure. Another fac- 
tor of importance in our experience was the age of the wound. Unhealed wounds 
over four weeks old are less suitable for closure. In such wounds the sldn has 
retracted and is indurated for a considerable distance from the wound margin. 
An occasional problem is presented by a wound of an extremity which is con- 
siderably swollen. Closure in such a oa.se cannot be effected without undue 
tension. Usually this condition will pei-sist until the wound is healed. In such 
a case skin grafting is preferable to secondary closure. The resolution of in- 
flammatory products begins promptly after healing. In all probability a fair 
percentage of the grafts in this type of case should be excised in the recon- 
structive centers. At a later dale the grafts may be excised and the defect 
closed vdth an as.surance of success that did not exist, when the patients were 
undergoing I’cparative surgery. Others will need I’oplaeement with pedicled 
flaps. Thus, in reparative war surgery, the thick-split graft may serve as a 
temporary surface. It was found that it was important to avoid secondary 
closures in the region of the elbow, distal third of the forearm, and the hand. 
Similarly, closure of wounds of the groin, knee, distal tliird of leg, ankle, and 
foot are less likelj' to succeed. In other regions there has been no hesitation in 
undermining to any extent neec.ssary, in adding .secondary inei.sions, or in 
swinging flaps from neighboring areas in order to efiect coaptation without 
tension. 

.SECOKD.VRY CLO.SURES 

Secondary clo.sure was performed in 468 patients during the five-month 
period. It was possible to keep cai'eful record of only the first 211 of these op- 
erations. The average duration of time from injury to closure in this group 
was twent 3 '-four days. This was due to the transportation problems and the fact 
that the influx of patients was so rapid that an actual bottleneck existed in 
the available operating rooms. Complete healing was obtained in 181, or 85.7 
per cent. Partial wound separation occurred in 16, or 7.6 per cent; complete 
failure in 14, or 6.7 per cent. The relatively long period between injury and 
secondary closure led us to adopt excision of the wound as a prelirainaiy to 
suture. Scarred wound margins, granulation tissue, and scar were excised en 
bloc to the level of the deep fascia. Pine catgut was used for hemostasis. After 
adequate mobilization of the skin and subcutaneous tissue, the wounds were 
looselj’' closed with vertical mattress sutures catching the floor of the wound. 
These sutures were sometimes tied over bolsters to prevent cutting. Counter- 
drainage at the margin of a large undermined area was emploj^ed oeeasionallj^ 
Precise suturing in an attempt to obtain cosmetic results is not advised. Oozing 
may continue from the scarred floor of the wound. Senxm collection is usual. 
A loosely closed wound treated Avith Avet dressings Avill evacuate blood and 
serum betAveen the sutures and progress to satisfactoiy healing. One cause of 
failure is tension. A more common cause is infection of serum and blood ac- 
cumulated beneath the flaps. Both can be aAmided bj^ preoperatiA^e cA^aluation 
of the Avound, by careful hemostasis, and by the use of widely spaced sutures as 
provision for drainage. Tantalum or stainle.ss steel Avire Avhich are ideal for see- 
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ondary closure Averc not aA'ailable. Heiiee, many wounds showed reaction 
around silkworm gut, silk, and, to a lesser extent, cotton sutures. Sulfanilamide 
crystals have not been used for local implantation at the time of wound closure. 
In those cases in Avhich preoperative study of the Avound flora iwealed strepto- 
cocci, the sj'stemic administration of sulfadiazine and i)enicillin AA'as continued 
into the postoperative period. These drugs AS'cre not given routinely. Pressure 
dre.ssings AA-erc applied after operation, and extremities Avere immobilized and 
eleA'ated. The importance of early and frequent iirspeetion of these secondarily 
sutured Avounds cannot be emphasized too strongly. They cannot be treated as 
fresh surgical Avounds, eoA'cred and forgotten until it is time to remove sutures 
or until pain and rising temperature force inspection of the Avound. The ju- 
dicious removal of a tight suture, the evacuation of blood or serum, and the 
application of heat and Avet dressings aauII salvage most of the small percentage 
of secondary closiu’cs that do not heal by primai-y intention. Pailui-es resulted 
from undue tension on Avound margins or from attempts to obtain cosmetic 
results Avith closely ]ilaeed sutures. 

In summarizing e.xpcrienccs Avith secondaiy suture after AA'ound excision, 
it has been learned that this procedure must not be applied in certain anatomic 
sites AA'hei’e tlie skin is normally tense and AA-here adequate mobilization of the 
margins of the AAmund is impossible. A high percentage of success has been at- 
tained by the use of loosely tied sutures, spaced Avidely enough to alloAv drainage, 
and by attention to the details of postoperative care. This method has been 
employed satisfactorily in the closiu’e of defects left by drainage of abscesses 
and excision of carbiAUcles. It must never be used when the skin and fat at the 
margins of the tvound are indurated. If this indiiration persists in spite of the 
use of heat, elevation, immobilization, pressure, and ehemotherapj^ the Avound 
should be giufted or surgery should be delayed. Secondary closure performed 
in such a field aauII break doAvn and the -resultant Avound Avill be Avorse than the 
original. 

SPLIT-SKIN GRAFTING 

General Considerations. — Split-skin grafts AA^ere used in the treatment of 306 
patients. The most extensive procedAire iiiAmlved gi’afting of both loAver ex- 
tremities from the upper third of the tliigh to tlie ankle. Pifty-tAvo small grafts 
of the hand and foot are included. All size gradations existed betAveen these 
extremes and multiple Avounds AA^ere grafted in seventeen patients. This latter 
condition Avas seen most commonly in the forearm and leg Avhere Avounds of 
entrance and exit had been debrided Avidely or incised for drainage. Sixteen 
burn Avounds Avhich Avere grafted included three extensive phosplAorus bums 
from chemical shells. Flash burns incurred as a result of the “Kamikaze” at- 
tacks on shipping Avere second degree burns and usually these Avere liealed at 
the time of admission. A third degree burn of the helix of the ear is frequently 
a complication of this type of injury. There is great danger of chondritis and 
disfiguring deformity unless these areas on the auricle are grafted promptly. 
Thin Thiersch grafts Avere used to coA-er nine of these burns of the eai-s. Tliese 
operations Avere done as procedures on the Avard and arc not included in tlie 
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analysis ot split-skin grafts. Grafting rvas clone in nine patients with 
ecthyinatons nlcer.s. Elective excision.s of scarred areas followed by skin graft- 
ing were done only wlien circninstances ]>roini.sed eaily return of the soldier to 
duty. Accidental wounds ]n-ovided the opportunity for a .small number of im- 
mediate split grafts to the fijigers and hand. Choice of grafting ])roeednr(!.s was 
based upon the principles set forth in a preceding section. 

The number and character of wound comi)lications whiel) wcis* met in tlie 
cases in which skin grafting was done aiv as follows: associated with fractures, 
108 wounds; with exposed hone, 40 wounds; with exposed tendon, 38 wounds; 
with draining sinuses, 55 wounds; with ])yarthrosis, 14 wound.s, with clinical 
gas infection or gangrene, 43 wounds. Characteri.slie examples of complicated 
wounds are seen in Figs. 2 to 8. One or more of these complications often oc- 
curred in that same wound. Their prc.senee ])reeludcd any consideration of 



A. B. 

1 - uangrrene of the arm foUowinjr compound fracture of the ulna caused 

by bomb fragment. Photographs taken forty-eight hours after incision. B, Appearance of 
the arm two weeks after application of split grafts to the granulating wounds. Open-dressing 
techniciue as illustrated in Figs. 0 and 11 was vised in this case. 


secondary wound closure. In the ma.iorily of ease.s, split grafts were a})plied 
as a temporary procedure. Examples of siicli -wounds are shown in Figs. 13 
to 16. In others the split graft represented the reparative and the final steps 
in surgery. Examples are shown in Figs. 17 to 19. 

Complete healing resulted in 265 imtients, or 86.6 per cent, partial failure 
occurred in 21 grafts, or 6.9 per cent, complete failure in twenty instances, or 
6.5 per cent. The efforts of beginner’s in operative surgery are included in this 
series of skiir grafts and account for 35 per cent of operations performed. The 
causes of failure will be analyzed later. 
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Mcihoch. — Split-skin grafts were cut freehand with the Ferris Smith knife 
in, 291 cases. The Blair-Brown suction hox wa.s used to maintain skin tension. 
The Padgett dermatome was used in only fifteen operations. Dermatome grafts 
were selected for their uniformity and thickne.ss when permanent results were 
desired. Cosmesis is not to be emphasized in reparative surgery. Donor sites 
were treated with petrolatum gauze and compression dressings. Bias-cut 
stockinet proved an efficient substitute for commercial elastic bandages. The 



Fig. 9. — Open-dressing technique of split-skin grafting of granulating wounds as used 
"• iPPkrative \\ar surgery. The perforated and patterned graft is securely anchored by the 
layer of coarse gauze fixed to the surrounding skin by collodion. Sutures are un- 
r^cessary. The fibrin pioduced by granulations is adequate to fix the graft. Plaster cast 
ilirUi.u ’ used. Window provides access for change of saline dressings. Ini- 

niooinzatlon and protection of the graft are essentials of postopeiative care. 


thigh was chosen for the donor area tvlienever conditions permitted. Scarred 
skin margins and excess granulation tissue were removed from fortj^-two wounds 
prior to grafting. This group represents about one-half of those wounds which 
probably did not need further reconstructive surgery. Grafts were applied 
directly to granulation tissue in early wounds. Granulation tissue was allowed 
to remain with conscious intent in manj' other wounds. Continued maturation 
and contraction of scar will reduce the size of the grafted defect and facilitate 
final steps in reconstruetion. Tissue loss was minimal in these casualties from 
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tlie Philhpinc Islands and gialls weio usually applied J'or reasons oilier than 
the loss of skin and snbeulaneous tissue At the lime of debridement in the for- 
ward aieas, skin and subcutaneous tissue had been preserved whenever possible. 
The meticulous metliod of suturin" the grafts in jilace and immobilizing them 



by pressuie was used only as lien deimatome grafts were applied This time- 
consuming technique svas leplaeed in 268 grafts svith a more simple method. 
In this method the split graft is applied to the wound and held in place by a 
single layer of gauze mesh which in turn is anchored to the surrounding skin 
with collodion (Pig 9) Fixing agents as recommended by Sano were not used. 
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A wet sponge was used to moisten the gauze and stick it to the graft. The 
shrinking of tlie gauze as it dries increases the tension sliglitly. If necessarj", 
the extremity is immotiilized in plaster. The grafted area is exposed to the 
air for a period of two to six liours. Saline dressings are then applied and 
changed at four-hour intervals. The graft is open to inspection at any time. 
Should blood or serum accumulate it is simple to incise the graft and to evacu- 
ate such collections. Loss of graft from this source may thus be prevented. The 




Fig. 11 — Suspension o£ extremities by skin traction in the treatment of wounds due 
to bums. Adhesive traction and open-dressing technique The annulai natuie of the burns 
pi events use of windowed plaster cast in sucli cases. 



Fig. 12. — ^Use of skin and skeletal traction and the open wet dressing technique in grafting 

third degree bums. 
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gauze anchorage is removed on the fiftli or sixth jKxstoperative day. If well 
moistened, it peels off without danger of .separating the graft, h’ollowing this 
the graft is twposed to the air for increa.siilg intervals of time. It is not neccs- 



■ !. 'i'!'. ‘ !i of tonipoiao ilropsitiK pi.ift'.. Eo'-'- of .soft and cnitilaBt 

of nose . • v r Oi-anulntion tisMie sro'slj infected; imicl; s\scllinK and mdura- 

“fa of Kcsult of split giaftmc. In this case the fiinft treated 

b> the open-diessmg technique tus shown In Fig. fl. Note shrinkatto of tlic grafted aica and 
( isdproaiancc of edema The site is leadj for reception of a rcconstructhe /lap. 



A. B. 

Fig. 14. — 4, Another e,xample of the efficacy of temporaiy dressing grafts m reducing 
edema, preventing contracture and deformity, and preparing a site for reconsti uctive sur- 
gery. Appearance of wound of the face seven davs after injury caused by Japanese anii- 
aircraft fire. B, Appeal ance after the application ' of a thiok-spUt graft which serves as a 
temporarj’ surface until reconstructne surgeiy can be carried out. 
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sai’ 5 ' that the graft be trimmed to exact pattern. The excess may be draped 
over the normal skin at the margin of the wound. This may be trimmed off 
with the scissors when the collodion anchored layer of gauze is removed. Im- 
mobilization may be discontinued on the ninth to the twelfth postoperative day 



and pressure dressing is then substituted if the patient is to be allowed out of 
bed. Plaster cast or splint was used for immobilization of 201 grafts applied 
to the extremities (Fig. 9). Casts Avere Avindoued for dressing changes. In 
some cases the grafting operation A\'as done through existing AvindoAAs. An ex- 
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tremity supported with skeletal or adhesive traction needs no other immobiliza- 
tion (Pigs. 10 to 12). Such grafting may be done to great advantage while the 
patients are on the ward and their po.st opera live care may be I’educed to the 
simplicity of dressing changes. Forty-three patients were treated in this fashion. 
Skeletal or adhesive traction foi’ immobilization and protection of grafted areas 
is extremely valuable. 'When the grafts are applied to head, face, or thoracic 
trunk the collodion gauze anchorage ])rovidcs sufficient immobilization. A 
bottomless cardboard box painted with collodion to render it waterproof or a 
wire cage taped to the face offei’s a convenient protection to the area and a con- 
tainer for the saline moistened dressings. 



Pigr. 16 — A, Injury to thumb tvith loss of both extensor tendons and ^ 

carpal and phalangeal bones due to enemy shell fragment. B, Result 
giaft. Flexion, adduction, and abduction of the thumb were 
of me fact that bone and capsule of the metacarpophalangeal joint ate directly under this 
graft, a pedicled flap ^^ill be needed when reconstructive surgery is done. 


In summary, it may be noted that this open-dressing technique was directed 
toward economy of time and effort essential in war surgeiy. It was used in the 
treatment of 268 split gi’afts. Freehand grafts may be cut and the donor site 
dressed in tlie time which would be spent in adjusting the dermatome, applying 
cement, and waiting for it to dry. Suturing of grafts seldom is necessary in the 
reparative surgeiy of war wounds. Grafts should be inspected twenty-four 
hours after operation in order to remove collections of serum or exudate when 
necessary. This open-dressing technique for the postoperative care of split 
grafts makes it possible to cover successfully those complicated granulating 
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woimds which even may be inundated in pus draining from a fracture site or 
infected joint eavity. Buried coral fragments or cocoanut fibers are eommon in 
wounds sustained from mortar fire at beachheads. Kemoval of these multiple, 
minute foreign bodies would demand that the wound literally be combed. Grafts 
will take on such wounds and the superficial foreign bodies will later extrude 
through the graft. Such an instance is illustrated in Fig. 2. When treated by 
the open-dressing technique, grafts will take on exposed live lione and tendon 
if the periosteum or paratenon is intact (see Fig. 7). 

A. B. 



o. Z). 

Fxg. 17. — A and B, Dorsal and ventral views of wound of penis showing: annular loss 
of skin over the base and the proximal two-thirds of the penis C and D, Appearance after 

application of thick-split graft which was sutuied in place Petrolatum gauze adhesne tape 

immobilization was used, with indw'elling catheter. 

Causes of Failure . — The commonest causes of failure in skin grafting are 
neglect in considering the bacteriologj^ of the wounds, errors in judgment in the 
proper selection of optimum time for surgerj', and mistakes in technique or 
postoperative care, notably the failure to immobilize adequately a grafted area. 
Infection with bcta-hemob"tic streptococci was the largest .single cause of complete 
or partial failure of split-sldn grafts. Eleven complete and two partial failures 
were conditioned by this infection. Streptococci appeared in the vound.s during 
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a rare and brief epidemic of upper respiratory infection that swept this base 
during late January and early February, 1945. During this period, baeteriologic 
facilities were unable to handle the large volume of work oeeasionod by the rapid 
influ.x of patients. Delay in receiving culture reports occasioned by this cir- 
cumstance caused some concern. Choice of time for closure or grafting Avas 
based upon the appearance of the wound and the knowledge that streptococci 
<ire rarely found in the tropics. Streptococcal infection ])rodueed c.xtremely 


A. 



c. 

Fig 18 — A, Tliircl degree bums of dorsum of three Cugeis i\ith exposed extensor 
tendons B, Result after application of thick-split graft to wounds ; open dressing technique 
was used m this case. C, Photograph shows full flexion of damaged fingers following skin 
grafting, soldier returned to duty. 


rapid liquefaction necrosis of the graft. Only the keratinized layer resists de- 
struction. This is found floating on a layer of pus and cellular debris at the 
end of twentjr.four to thirty-six hours. One large graft inspected six hours after 
its application to a phosphorus burn of the calf was found almost completely 
necrotized. The infection was controlled by systemic therapy AAdth penicillin 
and a second graft applied eight days later Avitli complete success. 
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IMassive exudative infection due to B. pyocyancvs was controlled by the 
use of acetic acid dressings. However, it was demonstrated repeatedly tliat the 
presence of this organism on a granulating wound did not jeopardize the take 
of the graft when treated postoperatively hy the open dressing technique. 

In forty-three eases, wounds were grafted despite the fact tliat Cl. ivelchii 
had been recovered on culture. Forty of these perforated grafts were success- 
ful. There was complete failure in two and partial failure in a third. Tliis 
experience has led us to the conclusion that Avounds Avith anaerobic contamina- 
tion may be healed by grafting. Secondary closure is contraindicated because 
of the danger of activating the anaerobic infection. 



Pig 19 — A, Grenade wound oC foot twenty-eight da>s old at the time of admission of 
patient. B, Dermatome graft cut at 0 02G inch and sutured in place after excision of scarred 
wound margins and gianulation tissue. Petrolatum gauze pressure dressing and plaster cast 
used. Result on the day of evacuation to the United States, sixteen days after application 
of the graft. In this case a generous proportion of the plantar pad had been preserved. 
Thick graft was applied in the belief that further reconstructive surgeiy would not be 
necessary. 


In one instance the laboratory Avas late in reporting the recovery of Coryne- 
hacterhm dij)htheriae from an ulcer of the leg Avhich had been grafted by the 
suture and pressure-dressing technique. Sixty thousand units of diphtheria 
antitoxin Avere given immediately. The dressings Avere not disturbed until tlic 
seventh postoperative day. Seventy per cent of the graft had undergone co- 
agulation necrosis. The necrotic portion of the graft was firmlj^ adherent to 
an underlying necrotic base. The appearance Avas identical Avith the necrotic 
base of cutaneous ulcers due to virulent C. diplitlwiac. Partial or complete fail- 
ure of split grafts to take over exposed bone or tendon occurred in five instances. 
These failures Avere ascribed to errors in surgical judgment. Tnaderjuate im- 
mobilization accounted for one complete and four partial failures of grafts about 
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the shoulder, the axilla, and the abdomen. Hemorrhage caused partial failure 
in four grafts applied in combination with wound excision and partial secondaiy 
closure. Two failures resulted from crroi's in technique made bj' operators in- 
experienced in the use of the open-dressing technique. Collodion had been ap- 
plied over the entire surface of the graft. Acute hepatitis with severe iaundice 
developed in two patients during tlie immediate postoperative period. Blebs 
of bile-stained serum collected under the grafts on the fifth postoperative day 
and partial loss of graft followed. An interesting wound complication developed 
in a patient convalescing from scrub typhus. Granulation tissue undenvent 
hyaline coagulation necrosis. Eight-day-old small deep grafts which had been 
growing actively also underwent necrosi.s. No record of the cause of failure 
was kept in five other cases in which split grafts had been used. 

This analysis shows that failure to consider the bacteriology of wounds 
as well as eiTors of judgment and mistakes in technique and postoperative care 
were responsible for the 6.5 per cent of eases in which -split grafts failed. The 
fallacious legend that wounds heal pooidy and that .skin grafts arc not succos.s- 
ful in the tropics has been disproved. Lack of fresh foods in the diet and low 
blood vitamin C levels exerted no apparent influence upon the results. Vitamin C 
determinations were below normal (30 mg. per cent or loss) in 57 per cent of 
171 patients in whom vitamin determinations were done. 


SM.VUL DEEP OnAET.S 

Surgical literature is filled with condemnation of the use of the small deep 
grafts. However, we believe that these arc very valuable in the treatment of 
certain types of wounds. These are the small, irregular, indurated lesions found 
in the groin, the popliteal area, the antecubital fossa, over bony pi’ominenees 
such as the malleoli, patella, acromion, olecranon, the foot, and the hand. Usu- 
ally these are caused by bomb or shell fragments. They are not amenable to sec- 
ondary closure and split grafts seldom arc successful. Split grafts may take 
primarily but later they .show a marked tendency to ulceration. Spontaneous 
healing is very slow and the resultant scar is atrophic and breaks down easily. 
A minor wound of this character may l)e responsible for prolonged disability. 
Small deep grafts were used in the treatment of forty-six wounds of this typo. 
Excess sear and granulation tissue wa.s removed. Deep grafts were cut ap- 
proximately 0.7 cm. in diameter and placed as closely as possible to cover these 
small defects. They Avere retained in place by the mesh gauze and collodion 
technique as used in the treatment of split grafts. Saline dressings and occa- 
sional gentle saline irrigation to remove excess exudates are tlie features of post- 
operative care. Following the early take of. the small deep grafts, complete 
epithelization of the wound is prompt as minimum space is left bertveen the 
grafts. A pliable, thick covering is provided that Avill withstand cutaneous 
trauma equally as well as the thickest split grafts. 

PEDICLED FLAPS AXD TEMPORARY SPLIT GRAFTS 

There are few occasions for the use of tubed or pedieled flaps dui’ing the 
intense activity of earing for large numbers of battle casualties. The overseas 
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general hospital can give neither bed space nor professional time and talent to 
such surgical procedures. Reparative plastic surgeiy has two primary ob- 
jectives. The first is to return promptly to duty all .military personnel who 
can give service within the theater. The second mission is to select for evacua- 
tion to the United States those patients who cannot be rehabilitated for duty 
within the 120-day hospitalization limit of military necessity. With these 
principles in mind, it should be emphasized again that the widespread use of 
split-graft dressing of wounds will protect the soldier from further scari'ing 
and deformity and return him prepared physiologically and anatomically for 
elective plastic reconstruction. The use of temporary grafts relieves the pa- 
tient and professional attendants of the burden of dressing care in this inter- 
mediary period. Figs. 13 to 16 are examples in which temporary grafts have 
been provided in the reparative phase of surgery. On return to the United 
States, a soldier whose wound has been surfaced by a split graft may avail 
himself of convalescent furlough before reporting for reconstructive surgery. 



A. B. 

Fib. 20.— a, Pedicled top attached to flnBcr-tip amputation. B, FoIIowinB detachment ot the 
flap the distal joint is preserved and a painless stump is assured. 


An exception to tliis general principle is made in the case of fresh injuries of 
the hands and fingers. Wounds involving traumatic amputations of the portions 
of the fingers or other loss of tissue are frequent among personnel who work 
with mechanized equipment or who handle supplies. Every viable and recover- 
able segment of a fimjer should be saved. Roamputation proximally and the 
fashioning of a palmar flap for closure decreases the .strength and function of 
the hand. Attempts to close these traumatic amputations frequcnlly result in 
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leuso, painful amputation stunpis wliich ultimately may destroy the efficiency 
of the soldier. A small immediate flap from the opj-yosite subpcetoral area can 
l)e fashioned cpuckly and attached under local anesthesia. Such an example is 
shown in Fi" 20. The flap is detached, contoured, and sutured in place after 
e.stal)lisliment of circulation. This prc.serves all po.s.sib]e lengtli and strcngtli 
of the finger and gives a cusliioned painless stump. Occasionally an injury of 
the foot may be .salvaged for duty by the use of a pedicled flap from the opposite 
calf. A small per cent of facial wounds can be closed with sliding flaps. This 
same ])rinciple has been used in repairing defects over bony prominences ap- 
plying a split graft at a distance from the original wound. Z plastics have a 
place in reparative surgery in the correction of mild contractures. Variations 
of the procedures mentioned make up the grou]) of twenty-eight plastic opera- 
tions previously li.stcd as primary })roccdure.s involving the manipulations of 
flaps of skin and .subcutaneous tissue. 

SUMM.VRY 

An analysis is presented of the activities of the plastic surgery section in 
a lai’ge general hospital where battle casualties are received from tropical areas. 
Such activities arc directed largely to the early obliteration of wounds by sec- 
ondary closure or skin grafting in order to prevent further scarring and dc- 
fonnity. This reparative or intermediate surgciy conserves the resources of the 
patient and sends him to the United Slates prepared for final reconstructive 
surgery. Experiences in the treatment of S4S patients serve as a basis for this 
report. The ro.sponsibilities of the plastic surgeon ijiclude tlie supervision of 
wound care and the selection of the time for operation as well as the choice of 
operative procedure. The long lines of communication in the Pacific area im- 
posed additional problems in reparative surgery of the wounded. Older wounds 
are less suitable for secondary closure. Skin grafting rather than secondary 
closure was used in a higher percentage of cases as the time interval between 
injury and admission to this hospital increased. Principles guiding the de- 
cision as to the use of secondary closure or skin grafting in the treatment of war 
wounds have been discussed. Tropical climate has been found to influence only 
the phase of preoperative treatment. The problems are primarily dermatologic. 
In the postoperative care of grafts frequent changes of wet dressings give results 
superior to closed-dressing techniques. Tropical wound flora have been studied. 
It is noteworthy that streptococcal infection is uncommon. This is explained 
by the rarity of upper respiratory disease in the tropics. Organisms other 
than streptococci did not interfere with the successful outcome of reparative 
plastic operations. Local use of sulfonamides and jrenicillin have been of little 
value in this series of wounds treated in the tropics. The advanced age of 
M'ounds at the time of admission has necessitated wound excision as a prelim- 
inary to secondary closure in many cases. Attention to the avoidance of ten- 
sion, careful liemostasis, widely placed sutures, the use of postoperative im- 
mobilization, elevation, pressure, heat, and 'wet dressings was rervarded by 
ideal healing in a high percentage of cases. Split-skin grafts were reserved for 
those cases in which there was loss of tissue or in which there were mechanical 
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complications iu the wound. In the majority of cases these split grafts were 
employed as .a temporary measure in preparation for later constructive surgery. 
In others the split graft represented the reparative and the final steps in surgery. 
A detailed discussion is given of the open-dressing technique of split-skin graft- 
ing. With this technique we have achieved a great economy of time and effort 
and only 6.5 per cent of 306 grafts have been complete failures. This method 
has been taught successfully and quickly to a group of medical officers with 
no previous experience in plastic surgei'^L An analysis of the causes of failure 
in grafting has shoum that these are due to failure to study the bacteriology 
of wounds, to errors in surgical judgment, or to mistakes in technique and post- 
operative care. No basis was found for the legend that wounds heal poorly 
in the topics. Low blood vitamin C levels produced no detectable influence on 
results of reparative plastic operations. Small deep grafts have been used to 
our complete satisfaction in the treatment of small fibrotic wounds in certain 
locations. There are few occasions for the use of pedicled or tubed flaps in an 
overseas general hospital. The management of battle casualties from the 
Philippine Islands provided experience with recent and late war wounds of all 
types. Due to circumstances of distance and the strategic location of hospitals 
in the Southwest Pacific Area, the general hospital has provided a laboratory 
in which the reparative phase of plastic surgery has had an unequaled oppor- 
tunity for development. 



THE COAGULUM CONTACT JIBTHOD (SANO) OP SKIN GRAFTING 
IN THE TREATMENT OP BURNS AND WOUNDS 

Lieutenant Colonel Charles D. Branch, Peoria, III., I^Iajor George P, 
Wilkins, Boston, JIass., and Captain Frederick P. Ross, Boston, ]\L\ss., 
j\Iedical Corps, Army op the United States 

T he early covering of large granulating surfaces liy skin grafts is of the 
utmost importance. This is true whetlier the injury is clue to burns or 
ivounds. Due to unavoidable difficultie.s in transjiortation from the forward 
area, a period of one to six weeks usually elapsed between the time of injury and 
admission to our hospital. During this interval it was inevitable that some in- 
fection of the large granulating areas should occur. Grossly these ajipeared in 
good condition, but cultures taken from them showed multiple organisms, the 
more frequent of which were Staphylococcus aureus hemolyticus and strepto- 
coccus with lieta hemolysis, often overgrown with Bacillus profeiis. The problem 
of covering these denuded areas by .skin grafting was urgent, both to control 
infection with its associated dangers and to prevent subsequent contractures of 
the involved areas. The technical difficulties of securing a comidete take under 
such conditions are well known. Therefore, it was decided to use the coagulum 
contact method of .skin grafting descxabed by Sano,® since it offered an oppor- 
tunity to observe the graft continuously. 

This method has been used in 120 instances, 38 patients being operated upon 
while the hospital was located in Australia, and the latter 82 while the hospital 
was on an equatorial island with all patients in tent wards. Portj’’-two of 
the patients required skin grafts because of third degree burns, while the 
remaining seventy-eight individuals had defects of vaiying sizes due to ivounds. 
On the whole, the general condition of those patients who had been wounded 
was far superior to those who had been burned. This was in spite of extensive 
supportive measures, such as the giving of plasma, supplying a high protein 
diet, and supplementing the vitamin intake. 

In the early cases the method described by Sano was followed exactly. How- 
evei’, this was soon modified, particularly the postoperative care of the grafts. 
In brief, the following procedure has been followed in all cases. The plasma 
and cell extract solution have been px’epared by the Laboratory Service.! A kit 
which includes the following items is autoclaved for this pi’ocedure : 

1 10 e.e. syi’inge 
2 23 gauge needles 
2 20 gauge needles 
4 Centrifuge tubes with corks 
1 Wassermann tube xvith glass beads and coi’k 
4 Capillary pipettes 

Received for publication, Sept. 11, 1945. 

♦Sano, M. E. ; A Coagulum Contact Method of Skin Grafting as Applied to Human 
Grafts. Surg.. Gynec., & ObsL 71: 510-513. 1943. ^ . 

tUnder the direction of Lieutenant Colonel Joseph H. Bragdon, Medical Corps, Armj 
the United States. 
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Approximately one hour liefore tlie scheduled time of the operation, 10 c.c. 
of blood is drawn from the patient under aseptic conditions. Sufficient heparin 
is used to wet the barrel. It is felt that an excess of heparin should be avoided. 
The heparinized blood is then placed in a sterile centrifuge tube which is centri- 
fuged, and the plasma, or solution “A” is then pipetted off and placed in a 
sterile tube. The “huffy coat” is then pipetted off and placed in 2 c.c. of 
Tyrodes solution in the Wassermann tube, which is shaken in a Kahn shaker, 
and then centrifuged. The clear supernatant fluid is then pipetted off into 
another tube and is solution “B” or the “cell exti’aet. ” The plasma and cell 
extract are then delivered to the operating room for the use of the surgeon. 

The preoperative preparation of these patients is of the utmost importance. 
The granulating areas were covered Avith dre.ssings kept moistened with a solu- 
tion of % per cent sulfanilamide and % per cent acetic acid, the latter con- 
trolling pyocyaneus infection Avhich is prevalent in this area. On the day 
before operation saline dressings were substituted and these were changed 
frequently to prevent accumulation of exudate. Complete blood studies Avere 
made on these patients. In case of anemia, transfusions Avere ghmn and AA-here 
a loAv serum protein was found, plasma Avas given until a normal level Avas 
obtained. Also, an attempt Avas made to secure a high AUtamin C intake as an 
aid to tissue healing. Since it Avas impossible to sterilize completely the granu- 
lating area, penicillin was used routinely. Two days befoi’e grafting, penicillin 
Avas started by the intramuscular route ; 100,000 units Avere given during each 
tAventy-four hour period, the dosage being 12,500 units every three hours. 
This Avas continued on the day of operation and for the tAvo subsequent days 
so that iienieillin therapy extended over a period of five days. At the time of 
operation penicillin Avas also used locally. 

The donor area A\'as prepared AAuth tincture of green soap, alcohol, and 
ether. All grafts Avere cut Avith the Padgett dermatome, using in most in- 
stances a thickness of .015 inch. It Avas found that the use of a thin paste of 
sulfanilamide poAvder facilitated the removal of the graft from the drum and 
also the glue from the surface of the donor skin. The recipient area Avas irri- 
gated Avith saline solution and then blotted Avith sponges, care being taken to 
prevent bleeding. The area Avas then completely covered AAuth a film of peni- 
cillin solution of a concentration of 5,000 units per cubic centimeter. This Avas 
alloAved to dry. After removing the graft from the drum, the reverse side 
AAms covered Avith the film of the “cell extract.” At the same time the recipient 
site Avas eovered Avith plasma. The graft AA-as then immediately placed on the 
recipient area, taking care not to move or slide the graft after it Avas applied. 
Pressure Avas applied by means of forceps in order to secure good contact. In 
our experience the graft Avas firmly adherent Avithin a Icaa' minutes. In those 
patients in aa’Iioiu there AA'cre large defects, such as burns involving the entire 
loAver extremity, the procedure Avas frequently performed in tAA'o stages. In 
the first stage, grafting Avas done on the anterior aspect of the extremity, and 
one Avcek later the same procedure Avas carried out on the posterioi- a.sjiect. In 
this length of time, the grafts placed at the first stage had taken Avell. and 
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the patient could be placed on the abdomen ■without danger o£ injury to the 
graft. Such a program always kept the new grafts upper mo.st, and i)i‘evented 
any exudate from passing downward and perhap.s floating them off. 

Early it was found that the application of even a single layer of boric 
ointment gauze tended to cause the accumulation of exudate beneath this, par- 
ticularly in the area surrounding the graft. Therefore, this procedure was 
eliminated and no dressings were applied. The areas grafted were protected 
by either a cradle or the use of a mosquito net over the entire bed. In the case 
of burns where there Avere granulating areas suri'ounding the grafts, there was 
a tendency for crusts of dry serum to heap around the grafts. Because of this 
the grafts and surj'ounding areas wej-e .sprayed every two hours licginning .six 



Fiff. 1. — Split-thickness graft applied on seventh dav following gunshot wound ; appearance 
of graft on drst postoperative day. (Courtesy of United States Army .Vir Force.) 

hours after operation. Either the sulfanilamide-acetic acid solution or normal 
saline solution was used. After tAvo or more da3^s, constant Avet saline dress- 
ings Avere used to cover the entire area. Strict observation of the gi’aft A\'as 
necessary. In those grafts in which there Avas an overlapping, the graft Avas 
trimmed on the second postoperatiA'e daji- so that the entire excess Avas re- 
moved. There Avas frequently a loss of the superficial epithelial layer and it 
AAms found that as it became loosened it should be excised. This method is far 
from foolproof. It aa^s found that unless attention Avas paid to these post- 
operative procedures there Avould be a partial loss of the graft. It means that 
inspection of the area must be made at least tAAuce a daj^ and the necessaiy 
measures taken. 
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The areas grafted varied in size from small skin defects 4 to 5 cm. in 
diameter to those requiring fonr to five drums (32 square inches per drum). 
Since penicillin has been used routinely as described, there has been an in- 
crease in the percentage of complete takes. There were five cases in which 
there was total loss of the graft, one of these in a patient whose injury was 
due to burns, while the remaining four were in patients that had granulating 



Piff, ,2. — Six daj-s after grafting; there is more Joss of superficial epithelium than in 
average case. Complete take at end of three weeks. {Courtesy of United States Army 
Air Force.) 



Fig. 3. — I'our weeks after grafting; large wound with considerable loss of underlying muaclcfi. 
(Courtesy of United States Army Air Force.) 
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areas following wounds. In nine cases only 50 per cent of the graft I’cmainecl 
viable, while in twenty-two cases, 25 per cent of the gi-aft was lost. In the 
remaining eighty-four cases tliere was a eoni])lele take or at least a negligible 
loss along a portion of the peripheiy of the graft at its junction with jiormal 
skin. In all instance.s these defects were covered with epithelium within a few 
days. Because of the necessity of evacuation it has been difficult to follow 



Pig. 4 — Split-thickness grafts applied to aiea following third degree burns, grafts 
on left are four weeks and those on the light two weeks after grafting Complete take at 
end of eight weeks (Couites\ of United .St itcs Arniv An Force.) 



Fig 5 — Homogenous grafts (dark areas) surrounded by autogenous grafts, thirtj da%s after 

grafting. 
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these patients and thus determine the late results. A few that have returned 
to this hospital six months or more following grafting have shown an excellent 
condition of the graft with a good cosmetic appearance. 

In one patient, sufficient skin was not available as a donor site due to 
extensive areas involved and on three different occasions homogenous grafts 
using three different donors were placed, following the method described. 
After determining that the donor and recipient were of the same blood type 
and were completely compatible, blood Avas drawn from the donor and used 
to obtain the plasma and cell extract required in this .procedure. The patient 
was a Negro but his skin was very light in color. Two of the donors were 
white men and the third a very darlv Negro. The first graft was applied on 
March 2, 1944, and Avas 2% inches by 1% inches; the second donor supplied 
three grafts each 4 by 8 inches in size, Avhich Avere placed March 21, 1944; 
and May 25, 1944, an area 9 by 3^2 inches Avas coA^ered with skin from the 
third donor. “When last seen before evacuation the grafts were in excellent 
condition and had been in place for 110, 91, and 27 days, respectively. In a 
folloAv-up letter it Avas reported that the first graft disappeared rapidly in a 
few days beginning July 15, 1944, the second grafts disappeared at the end 
of July, and the third graft the early part of August. This gave a survival 
time of roughly 135, 130, and 75 days, respectively. "When the patient was 
seen by one of us three months later it Avas found that the areas had healed 
AAnthout further grafting being requiied, apparently from the groAvth of epithe- 
lium from the surrounding skin beneath the. grafts. The other grafts, Avhich 
were numerous and Avhich had been taken from the patient’s own skin, Avere all 
completely viable at this time. While these homogenous grafts Avere ultimately 
failures they more than fulfilled their purpose, for early covering of the denuded 
areas Avas possible and also the final result has been most satisfactorjE 

There are certain disadvantages in the use of the coagulum method, the 
chief of Avhich is the contracture of the graft Avhen applied and, therefore, a 
greater donor area must be available. Since there is no suturing to keep the 
grafts under tension they tend to contract Avhen applied to the recipient area. 
Where there is only a limited area available for a donor site, this must be con- 
sidered. Where the cosmetic appearance is of importance it is our impression 
that the results are not as good as Avhen the graft is sutured to the surround- 
ing sliin, in Avhich case the line of union is less noticeable. HoAvever, it has 
certain factors Avhich are of importance in its favor. It permits grafting to be 
done rapidly and this is important in a military installation AA'here many 
casualties may require operative treatment in a brief period. It is of special 
value in large granulating areas such as those associated Avith burns Avhere 
suturing is difficult. Another group of Avounds in Avhich Ave have found it of 
special use are those in Avhich it is difficult to place a pressure dressing such 
as on the neck overlying the trachea and in the gluteal folds. The end results 
Avcre more uniformly successful Avhen this method Avas used to cover areas of 
tliird degree burns than A\ffien used to cover those of Avounds. In the latter 
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there frequently was an ingrowth of epithelium which caused a peripheral 
loss of the graft and some scarring. 

SUMMARY 

The modifications of the Sano coagulum contact method of skin grafting 
have been discussed, and the use of penicillin as a valuable adjunct in skin 
gi-afting is presented. The procedure can be performed without difficulty in an 
institution which has the usual laboratory equipment. It has been found to give 
good results and while it may not supplant the clas-sical methods, there are cer- 
tain cases in which it is the method of choice. 



TUB PLASTIC COJIRECTION OP SUPEEFICIAL VASCULAR 
AND PIGMENTED NEVI 

Paul W. Greeley, M,D., Chicago, III. 

(From the Departmeni of Surgery, Division of Plastic and Reconstructive Surgery, University 
of Illinois College of Medicine, the Illinois Research and Educational 
Hospitals, and St. Lvke’s Hospital) 

BVI maj' be classified in two groups: vascular and pigmented. 

VASCULAR NEVI 

Vascular lesions can be subdivided further into the capillary and cavernous 
types. Each variety may be found anywliere on the surface of the bod}' and 
there is no limit as to the size to which either may grow. 

The eapillaiy variety is ordinarily known as a strawberry or port-wune 
mark, depending upon the shade of color it may present. As with other nevi, the 
etiology is unknown except that ’thc3>- may be congenital anomalies. Histo- 
logieall}' one observes an overgrowth of dilated capillaries and connective tissue 
in the skin substance. 

While dermatologic treatment should' always be considered, the scope of this 
series of cases deals only with the surgical repair. The former therapy ordinarily 
consists of repeated applications of carbon dioxide snow or properlj' calculated 
doses of radium or x-ray therapy. The aim in either method is to attempt to 
produce an obliteration of the dilated capillaries and thereb}' lighten the color 
to match the adjacent normal skin. This functions Avell in the simpler lesions, 
but with the more complicated variety, even the. dermatologists admit that com- 
plete cure cannot be obtained because the amount of treatment needed may pro- 
duce necrosis and subsequent scarring, a complication worse than the original 
tumor. 

For this more complicated group of case.s, and those in which judicious con- 
servative dermatologic treatment has been only partially successful, excision of 
tlie lesion should be carried out and the resulting cutaneous defect closed by 
undermining and suturing the adjacent skin edges or by applying a properly 
selected skin graft. In certain cases, I have followed the plan advocated by 
Smith,^= that is, removing the lesion in multiple stages accompanied by the use 
of Z plasties when indicated, and .suturing the divided skin edges after wide 
undermining. This results in a fine hairline scar, which of course is always 
preferable to a skin graft when the method is applicable since it insures a 
cosmetic result that most closely matches perfection. 

The cavernous tumoi-s consist of swollen masses of large dilated venules 
or veins. They arc frequently more difficult to eradicate since they are likely 
to be deep seated and extensive. Their size may progre.ss with age, so that the 
eai-licst treatment will insure the best results. Neglect may also predispose to 
ulceration and infection. Rupture and severe hemorrhage arc not uncommon. 


Kvcoivcd for rubrication, Sr-pt, 19, 1945. 
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Large cavernous angiomas may be well treated by surgical excision. Be- 
cause of their great vascularity, operation often should be preceded by the injec- 
tion of sclerosing fluids, partial ligation, or exposure to radium or x-rays. Tliis 
will produce sufficient fibrosis so that the mass can be rc.sected without too much 
danger from hemorrhage. 

As with the capillary nevi, tlie resulting .skin defects are closed eitlier by 
undermining and suturing the adjacent skin flajis or by the substitution of a 
properly selected skin graft. It sliould be pointed out that tlie resulting 
cutaneous defects that follow the excision of large nevi, sears, etc., must often by 
necessity be closed at once with a skin graft, hlany of those defects can be 
marked^ improved at later operations by excision of all or ])art of the graft 
and then suture of the .skin borders after wide undermining. This procedure 
adds to the finesse of the final result but can be aeeom]flished only by time and 
patience on the part of both the surgeon and patient. 

PIGMENTED NEVI 

The pigmented nevi are brownish colorgd lesions which vary in shade from 
tan cafe an lait to the deeiier broivn colors. Contrary to ])opular belief, the 
large or giant brown growths rarely seem to have the malignant tendencies 
that we were all taught to expect. However, those which border on the darker 
shades should be looked upon with a groat deal more respect since this type is 
moi’e likely to take on malignant changes. The size varies from that of a small 
mole to several hundred scpiare inches in area. Hair may or may not gi'ow out 
from their substance. The etiology of pigmented nevi has never been solved 
although some individuals feel that they may be congenital malformations. 

There is considerable difference of opinion as to the pathologic classification 
of these tumors. Most of them are of epithelial origin, but there is evidence 
to show that some may be of mesoblastic derivation. A few are angiomatous 
in nature, which makes their treatment more complicated. While the majority 
of the lesions are benign in character, certain ones, and these are usually the 
smaller tumors, degenerate into melanoblastomas or melanosareomas. Chronic 
irritation may be a factor in the production of this change. 

For the sake of safety, expediency, and best co.smctie re.sults, pigmented 
nevi should be excised. Except possibly for small lesions of lighter color and 
which ai’e clinically of the nonmalignant 1y])e, the use of phy.sical agents such 
as cauterization, fulguration, radiotherapy, etc. should not be employed. AH 
deep-colored nevi should be excised widely and the adjacent skin edges closed. 
As with the hemangiomas, the larger tumoi's may be removed by multiple excision 
and suture or, if this is impossible, the resulting cutaneous defect may be re- 
placed with a properly selected skin graft. AVhether or not the giant nevi should 
be removed in toto or in part over repeated stages depends largely on the size 
of the individual lesion. The time consumed in surgery and the amount of blood 
loss, even with transfusions, may pi’eclude complete removal of certain giant 
growths in a single operative session. Obviously tlien, better surgical judgment 
dictates that these should be managed in stages. 

For illusti’ation, the foregoing considerations are elaborated by Cases 1 
toll. 
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CASE REPORTS 

Case 1 (See Fig. 1, A and B).~A 1-year-old child presented a large growing cavernous 
hemangioma of the upper lip. This lesion nould be subjected ordinarily to irradiation but 
for economical reasons, the parents, who lived several hundred miles away, could not bring 
the child back for repeated treatments. As an alternative, it was elected to remove the mass 
surgically. This nas done through an intiaoral rnetsion througlr the mucous membrane of 
the nppci lip. The swelling was readily dissected out, the vessels ligated, and the wmund closed 
with interrupted catgut sutures. A rapid and uneventful eonvalesoence followed and the 
patient was discliargcd from the hospital eight days later. 



A. Fig. 1, B. 


Case 2 (See Fig. 2, A and B ). — A cavernous hemangioma in the left nasocanthal fold 
was treated with radium in infancy. Too much exposure was given, which resulted in a 
tliick iibrotic scar and damage to the underlying bony epiphjsis. This was untouelied during 
the period of growth, so that the left side of the nose was held back while the- light side con- 
tinued to grow normally. A marked asymmetry of the nose resulted. To correct this problem, 
it was necessary to sliift the entire na=al bony framework back to the midline, apply a free 
full-tlnckness skin graft o\er the defect created in the left nasocantlial line, and build up 
the left ala with a pedicle flap from the forearm. This w'as truly a major undertaking as 
compared witli either excision of the liemangioma or obliteration by a dermatologist trained in 
the judicious use of radium. 

Case 3 (See Fig. 3, A and B ). — A capillary hemangioma had been present since birth. 
The patient had piolonged dermatologic treatment consisting of irradiation and applications 
of carbon dioxide snow. IVliile considerable improienicnt followed, the patient was not 
satisfied and had grown very self-conscious of the discoloration. 

This strawbeiry mark was removed in multiple stages, with complete undermining of the 
facial :ind nock skin at cacJi opeiation. As much of tire nevus was removed in each of two 
operatite piocedurcs as could be done safely without suturing the skin under too much tension. 
At a third stage the suture line wa^ revised so that nil that remained was a fine linear in- 
conspicuous scar ruimiiig parallel to and just below the ramus of the mandible. 

As with many cosmetic defects, the eradication of the mark in this adolescent girl pro- 
duced a striking psychologic change. 
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Case 4 (See Fig. 4, A and B).-This port-wine nevus in a 
in several different respects. Before coming to us the patient had . ^ nmnlicated by a 

™r,vi.u ca,b» ..a .!.» f » "!, “7“.^ .? . 

mild radioderinatitis when we first saw her. The notclimg in tie 

healed ulcerative reaction to radium. 
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'The first operation consisted in removal of all the lesion except tliat involving the left 
upper and lower eyelids. The defect was then covered with a primary thick split-skin graft. 
At a later date the eyelid skin was removed and replaced with a single free full-thickness skin 
graft taken from behind the ear. . This latter graft was chosen for the eyelids so that the 
maximum amount of lid function might be anticipated. 

An excellent result with the eyelids is noted. In contrast, however, the thick .split-skin 
graft has not yielded an equally satisfactory result, even though marked improvement over the 
original lesion must bo admitted. It is hoped that the patient will return to permit removal 
of the split-thicknes.s graft from the clieek. This can be done by a combinaion of multiple 
excision and suture plus a E-plusty to prevent the formation of an ectropion of tlie lower eye- 
lid. The nasal graft should be e.\'changed for a free full-thickness graft and the ala defect 
corrected by the method of Kazanjian. 



A. Fig. 4. B, 


Cask 5 (See Fig. 5, A and A’).— A girl had a large cavernous hemangioma of the back 
tiint liad caused trouble all lier life. Hemorrhages were the most annoying complication. 
She had had largo dose.s of radium and x-ray therapy but only with moderate improvement. 

Hr. dc Taknts injected many of the larger vessels with sclerosing fluids and later resected 
the entire mass. Owing to hemorrhage it was necessary to pack the wound and permit it 
to granulate. Three weeks later, two large split-skin grafts were cut and placed over the 
open wound. 

C.VSE t) (See Fig. 6, A* and B).— A man 30 years of ago wiien sent in to us, gave 
a histroy of a small cavernous hemangioma arising from the left cheek. His parents said tliat 
it was fi rst observed wlien he was six months old (at whicli time it could nndoubicily Im'vc 

Taknts: Diagno-sls and Treatment of Cardiovascul.ar Disease F A 
Davis Company, x. -v. 


iL. V 
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been eiadieated easily by radium). No treatment was given and the mass continued to grow 
progi'cssively. Occasional complicating hemorrhages occurred from the ruptuie or erosion of a 
vessel. He sought treatment elsewhere during recent years but was always turned away 
because of the magnitude of the tumor. 

The patient first came under my observation six years ago. The left cheek and upper 
lip were composed essentially of a large mass of dilated veins which extended through the 
mucous membrane, back over the soft palate, and dorni the throat as far as one could see. 
Obviously the patient was not a good candidate for operation until the mass was adequately 
prepared in advance of surgery. Therapy was complicated by the enormous size and 
vascularity of the lesion, which unfortunately can be ascribed to neglect. 

I am indebted to Dr. de Takats for the early treatment of the patient. His first step 
was to ligate and divide the external earotid artery just above the origin of the superior 
thj'roid artery. This resulted in a marked reduction in size of the tumor. Then followed a 
long series of injections of sclerosing fluids. The excess of the mass was then resected 
and the remainder given massive doses of deep x-ray therapy. At still a later date the cheek 
and upper lip were revised. The vessels in the eyelids were removed by excision. 

■Wltile this cannot be considered a perfect result, it is a great improvement and the 
patient has subsequently married. 



A. Fie. (. B. 


Case 7 (See Erg. 7, A and U).— A 19-year-old girl had a large papillarj hairy pigmented 
nevus of the right clioek and nose. It had remained the same since birth and no previous 
treatment had ever been attempted. 

The lesion was rcmo\cd in one operation and replaced with a primary free full thickness 
skin graft taken from the inner aspect of the upper arm. A complete “take” occurred. Being 
a graft of full-thickness skin, it will take cosmetics well. Tlie sections did not reveal any 
malignancy. 
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Case 8 (See Fig. 8, A and Jl ). — A child, 7 yeans of age, had an elevated henign hairy 
pigmented nevus of tlie nose and inner canlhus of the left eye. The preoperative photograph 
(Fig. 8, J) was taken after .‘■evera! months of treatment nith carbon dioxide snow. The 
growth was removed in one operative session and the resulting defect replaced with a primary 
free full-thickness skin graft taken fiom the inner aspect of tlie upper arm. It was interesting 
to note that upon di.scharge the child commented, ‘‘Xow tlie other children will not call me 
pig-faoe! ’ ’ 



A- Flff. 8. B. 


C.VSE 9 (See iig. 9, J and B ). — A 19-year-old giil laid a very extensive verrucous pig- 
mented hairy nevus. It had been present since biitli but had shown no change in size except 
as it grew in proportion to tlie rest of the body. Her paients sought surgical consultation 
several times but weie always sent back with the opinion that the growth was inoperable. As 
a compromise she wa.s rented for many years with local applications of carbon dioxide snow 
but with only slight impiovement. 

At a later date the patient was referred for plastic .surgery. The entire mass was 
removed in five divided operati%e sessions, spaced approximately three months apart. Each 
operation was accompanied by consideiable blood loss, which was corrected by immediate post- 
operative blood transfusions which had been planned in advance. The .«kin defects were 
covered with large primary intermediate-thickness skin grafts. A little fibro.sis developed 
beneath some of the grafts but this is rapidly disappearing with the aid of x-ra)- therapj- which 
is being given by the dermatology department. 

In no sections of the removed (issue was any malignancy found. 

It is quite obvious that this patient now has a completely different outlook upon her 
future. 

Case 10 (See Fig. 10, A and B ). — A 5-year-old boy had a disfiguring hairy pigmented 
nevnis involving nearly all of the left half of his face. * He was also developing a striking 
psychosis at this early age, which we felt w-as due to the facial deformity. 

Because a laige skin covering would be needed and since some areas would be difficult 
to immobilize, it was felt that the defect could best be covered by using a tube pedicle flap. 
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A. Fier. 10. B. 

This was delated fiom the left mastoid process down to the left pectoial region. When the 
flap was ready for transfer, the tumor was excised and the lower end of the flap, which 
had been designed to the same size and shape as that of the tumor, was remoied from the 
chest and sutured into the facial defect. The pedicle was divided two weeks later. The cheek 
flap needs to be readjusted at a subsequent date. 

The sections showed no eiidence of malignancy. It was algo interesting to note the 
changed psychologic reaction of this joung patient after the operation. 
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Wastomu arisinf; Ivoni tin; pigmoateJ nevus. In view of this, the patient was oxamined for 
metastasis but none Imve been found in the two years tliat liave followed operation. Deep 
x-ray tlicrapy was given over llie operative site for empirical reasons. 

C.tsr. 10 (See Fig. 10, A and B). — A JCegro woman, aged 32 years, is included in tliis 
scries because the therapy used represents a mistake due to tlte misleading report of a biopsy. 


RAYON, AN IDEAL SURGICAL DRESSING FOR SURFACE WOUNDS 
Neal Ow-ens, M.D., New Orleans, La. 

(From the Division of Plastic Surgery, Dcpartmait of Surgery, School of MciJicinc, Tulanc 
University; Ochsner Clinic; Charity Hospital; Eye, Far, Nose and Throat 
Hospital; Touro Infirmary) 

T he conception oi‘ fundamental principles of wound healing, in tlie light of 
modern physiologic research, has undergone nuu-hed change during the past 
few years. As a result, many wortli-while revisions in routine ti’catment have 
been suggested. One of these has been the pressure dressing, todaj' commonly 
accepted in the ti'eatment of burns and large surface wounds. This therap}' has 
been adequately described l)y numerous authors,’"^ but one important com- 
ponent part of the pressure dressing which deserves more study is the material 
placed in immediate contact with the wound. 

Discussion on this sub.]ect lias been controversial and there exists a variety 
of opinions regarding the proper material for this purpose. lilany surgeons arc 
still of the opinion that the ideal dressing for placement in immediate contact 
with a wound is fine mesh gauze (44 by 40) impregnated \nlh some nonirritating 
type of grease, such as petrolatum or mcrthiolate ointment. Silcr‘ (used gauze 
impregnated with petrolatum or hydrous wool fat; Prioloau,“ gauze impregnated 
with petrolatum ; King,'^ allantomide ointment overlaid with petrolalunr gauze ; 
Strange and Mourot," gauze impregnated Anth 6 per cent sulfanilamide in 
equal quantities of cold cream and lanolin. Gurd, Ackman, and Smith® packed 
the interstices of the wound, from the depths outward, Avith gauze impregnated 
AA'ith 5 per cent sulfathiazole emulsion. For an initial dressing, Whipple® 
used fine meshed gauze or tulle gras impregnated Avith an ointment or solution. 
Gurd and Gerrie” shingled the surface of the burn Avith Nottingham lace 
buttered Avith sulfathiazole emiilsion. 

A number of constant factors have been found Avhich reflect unsatisfactory 
healing AA'hen ordinary dressings liaA-e been used : pain and discomfort, excessiA'C 
bleeding, delayed healing, and interference Avitli drainage AA^hero grease dressings 
have been applied. It is felt that these factors are reflections of the types of 
materials Avhich have been used for immediate contact AAuth the surface of AA’ounds. 
Pain and bleeding seem to be related to the open mesh of the ordinary dressing, 
since the mesh is sufficiently Avide to permit the penetration of capillary buds. 
As a result of this capillary penetration, the ncAAdy formed blood A'cssels have 
been torn Avherr dressings Avere changed. Friction frequently develops betAveen 
dressings and AAmunds Avlien a coarse material is used in immediate contact AAuth 
a AA'ound, Because of this, grease dressings haA'e l^een used in an effort to 
diminish irritation, pain, and delayed healing. 

Read at the meeting of the American Association of Plastic Surgeons, Philadelphia. Pa., 
May 9, 1944. 

Received for publication, Sept. 14, 1945. 
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The ideal dressing for immediate contact with the wound should conform to 
certain physiologic principles: it should be easily sterilized; it should be of a 
weave sufficiently close to block the entranee'of capillaries into the substance of 
the fabric; it should permit adequate drainage; and it should have a low 
coefficient of friction, thus reflecting' a minimal irritation to the underlying 
wound. Experiments were designed and numerous fabrics were used m an 
effort to obtain a material which would fulfill these requirements. Following 
considerable experimentation with various materials, nylon was tested in October, 
1943. After observing many applications of this material, results appeared to be 
satisfactory in some respects, but nylon failed to fulfill all of the physiologic 
requirements enumerated. 

Shortly after this, experimentation with rayon wms conducted. (Eayon is a 
fabric woven from a glossy fiber made by forcing a saponified solution of 
cellulose acetate through minute holes and drying the filaments in air or 
chemicals.) An attempt Avas made to determine the fineness of weave which 
would be required to block the entrance of capillaries, presvuning the diameter 
of the smaller type capillary to be aroimd 8 to 9 microns. A verj^ fine weave of 
approximately 114 by 114 was used for the initial experiment with rayon. This 
material proved satisfactory for, upon removal of the dressing, it was found 
that there was little disturbance to the underlying granulation and a gratifying 
diminution of pain and bleeding was noted. In attempting to evaluate more 
accurately the diminution of capillaiy permeability into the rayon, paraffin 
blocks of portions of rayon and of fine mesh gauze were made. Prom these 
blocks, sections were cut and mounted for microscopic examination. Studies 
of these sections revealed that capillaries penetrated the open mesh gauze, 
while the weave of the rayon was sufficiently fine to prohibit entrance of the 
capillary buds into the substance of this material in most instances. Bleeding 
and pain are constant factors following the removal of a surgical dressing when 
open mesh type of material is used. Pain and bleeding were markedly reduced 
when the rayon was used in preference to a fine mesh gauze and patients were 
grateful for the great diminution of pain. Kayon showed permeability which 
permitted adequate drainage; in no instance was it felt that the drainage was 
blocked. When used under a pressure dressing, a granulating tissue was pro- 
duced which appeared smooth, red, and velvety. Reduction of infection was 
apparently facilitated by the use of this material. 

The rayon and nylon, used in these experiments, were moistened with 
normal saline solution or 2 per cent acetic acid, buffered to a hydrogen-ion con- 
centi-ation of 4 with sodium acetate, before being applied to the wound. On no 
occasion was grease used. No sulfonamide drugs were used as this investigation 
was directed toward a study of the dressing material and its evaluation. 

As a result of these experiments, I feel that rayon is an ideal material for 
contact with bimis, granulating areas, surface wounds, and donor sites where 
skin grafts have been removed. The size of the fiber in the material chosen is 
30 denier. The number of threads, warp and weft, is 114 by 114. The thiclniess 
of the cloth is .0020. This material has the same tendency to burn as any 
material made of syntiietic or chemical yarns. 
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TECHNIQUE OF DRESSING 

The technique required for Die inclusion of rayon in the application of a 
pressure dressing to a surgicalUj dean surface wound varies only in the sub- 
stitution of the rayon for the fine mesh gauze originally described.® A single 
layer of rayon is applied to the surface of the wound, and only this material is 
moistened with saline solution or 2 per cent acetic acid bufi’ered to a liydrogen- 
ion concentration of 4 with sodium acetate. The material is tailored to fit the 
wound. If it is necessary to encircle a limb, not more than one inch of the 
rayon is to be allowed for overlapiiing because a double thickne.ss of the fabric 
may interfere with drainage. When applying rayon in contact with an infected 
wound, the entire dressing is rendered .slightly moist, otherwise the secretions 
from the wound have a tendency to become dry. If this is ])ermitted to develop 
and a moist capillary-drainage type of drc.ssing is not constantly maintained, 
the wound is sealed effectively and drainage is blocked. AVhen rendering the 
dressing moist, capillary drainage is established between the wound and the 
substance of the dressing, thus ])rcventing unnecessary alrsorption from a 
puddling of secretions. Following the a]iplicalion of rayon to the surface of a 
wound, a regular pressure dressing, previously described,® is a]iplicd. 

When removing the dressing from a noninfeefed wound, it is advisable to 
moisten the rayon with a bit of ether. Thus the sebaceous material, which fre- 
quently dries between the dressing and the noninfected wound, is dissolved and 
the dressing literally falls away with no adherence whatever. There is little 
complaint from the patient when ether is used in this manner. The margins of 
wounds are routinely cleansed with ether even though the edges arc granulating. 
Wlien removing a moist capillary-drainage ty])o of drc.ssing from an infected 
wound, this difficulty is not encountered because the moisture in the dressing 
prevents adherence. 

In conclusion, investigation and clinical use, for a period of two years, have 
shown that rayon is an ideal material for dressings in immediate contact with 
anj’- surface wound. It fulfills the physiologic requirements for an ideal 
material to be placed in immediate contact with a surface wound: permits 
adequate drainage; reduces friction with the wound to a minimum; prevents 
capillary invasion as a result of the finene.ss of the weave; and reflects a great 
reduction of pain and bleeding when dressings are changed. It is easily steril- 
ized and withstands autoclaving, thus simplifying preparation for its use.® 
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THE USE OP SALINE SOLUTION, GLYCERIN, AND ACETIC 
ACID IN THE CARE OP BURNS 

Ax Odorless I^lETnou oe Tekatixo l^tjuxs 

Lieutexaxt Prederick E. Ludwig, IMedicai. Cords, U.S.N.R. 

B urns offer one of tlio touf^liest problems for the Navy surgeon of any prob- 
lem he must face. Conditions aboard shi]) and conditions at. advanced 
bases make standardization of burn treatments iini)ossil)le and imjiractical. The 
results of the original treatments given burns in a forward area or aboard ship 
can never be viewed by the doctor Avho began the treatment. In each center 
where the burn is seen, the treatment of choice of the medical officer in charge 
is used, or the treatment that may be available at’ that time for burn.s. By the 
time patients with burns reach a base hospital or another large center, many 
of them have had two or thriH* types of li-eatmenl, such as ])elrolatum gauze, 
sulfonamide drugs, dyes, tannic acid, ])araffi‘n sprays, or nothing. The stand- 
ardized treatment advocated by the Bureau of ^Medicine and Surgery is petro- 
latum gauze with in'cssure dressing.s. The tii-st problem facing the medical 
officer at a base hospital is how to clean olT the various types of medications 
which have been a])])lied to the burn, and how to control the infection which 
is invariably present. A treatment to do both these things has been developed, 
which is simple and easily apjdied. 

^Yet dressings were used in treating many infected and uninfected burn 
cases at a mobile hospital following the Now Gcoi-gia and Vella La Vella pushes 
during the battles of the Solomon Islands. At fii-st normal saline solution was 
used, which helped to remove previous ap])lications, gangrenous sloughs, and 
exudates. As many of the burns were infected with BadUvs pyogeniea foefuhis. 
acetic acid l.b per cent was added to the .saline solution. It was found that the 
foul odor usually associated with burns disaiipeared in one to two days after 
starting the saline solution-acetic acid dre.ssings. Because of the difficulty in re- 
moving adherent dressings, glycerin was added to the combination. Various con- 
centrations of glycerin and acetic acid were used, and finally 15 per cent glycerin 
and ^ per cent acetic acid iii normal saline solution was found to be the most 
effective and least irritating of all the combinations tried. 

The treatment here described is not a jianacea for the treatment of burns 
and recpiires a lot of hard work. It does not take the place of blood studies 
and the intelligent use of plasma and wiioie blood transfusions. During the 
acute phase of the burn, daily checks must be made on the blood count, hemato- 
crit, and plasma ])roteins. Fluids must be given at a rate of 5,000 c.e. daily 
with adecpiate whole blood in tlje early .stages; when this is done there are fewer 
complications. This treatment is also not intended to eliminate the use of 
sulfonamide drugs or penicillin, both of Avhich are very important. Recently the 
chemotherapy used has been 20,000 units of penicillin, intramusculai-ly, every 

The opinions or as.sertions contained herein are the private ones of tlie writer and are 
not to be construed as official or reflecting the views of the Na\T Department or the Naval 
Service at large. 

Received for publication, .Sept. 22. 1945. 
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three hours. Sulfonamide drugs are used only if the patient cannot tolerate 
the penicillin. 

In order to standardize the treatment, certain things had to be done first 
to bring all cases to the same footing. All burns and all slowly healing flesh 
wounds Avere immediately pitt on the following routine: (1) Discontinuance 
of all sulfonamide drugs and other therapy, (2) forced fluids, (3) full diet, 

(4) complete blood woi’k, urine examination, and other indicated studies, and 

(5) redressing of all burned areas immediately. Whole blood transfusions Avere 
gh'en by preference eA'en though the hematocrit A\'as high. Plasma Avas ghmn 
Avhen Avhole blood Avas not available. Sulfonamide drugs Avere not readministered 
for many of the patients had been given an OAmrdose, Avhieh Avas probably due 
to the incomplete records that _ accompanied the patient froiAi one center to 
another. 

The dressings Avere applied as follows. Sterile three-inch gauze bandage 
Avith the finest mesh available Avas placed on an applicator stick by putting 
the applicator through the center of the roll of bandage. Moistened Avith a 
solution of normal saline, 15 per cent glycerin, and .5 per cent acetic acid 
(pH about 3.8) AA'hich had been previously autoclaved, the three-inch bandage 
will adhere easily to the burned surface. An arm or leg must be dressed by 
applying the fii-st strips of narroAv mesh gauze longitudinally. This Avill prevent 
constriction of the member should swelling and edema develop. As soon as 
the entire burned area is covered A\dth the fine mesh gauze, five or six layers 
of heavy gauze are added, that packaged in tAvelve-inch rolls being the best. 
This may be dispensed from a long applicator just as the three-inch bandage. 
After these have been applied, they are moistened Avith the saline-glycerin- 
acetic acid solution until they are dripping Avet. Ace bandages are then ap- 
plied for pressure, beginning at the toes or the fingers and proceeding upAvard 
to cover the entire extremity, AA'-hether burned or not. The ace bandage should 
not be AATapped too tightly, for AAdien it becomes moist it Avill shrink. 

The ace bandages are removed every eight hours at AA'hich time the heavy 
gauze bandages underneath are remoistened Avith the saline-glycerin-acetie acid 
solution, and the ace bandages reapplied. This procedure of moistening the 
dressings is carried out for nine or ten days, Avhen the entire dressing is 
changed for the first time. At that time sloughing tissues of the third degree 
burns Avill begin to separate and Avill be ready to remove. No radical debride- 
ment is done in an acute burn and only those areas of skin Avhieh have 
separated are removed Avhen the original dressing is done. Blisters are not 
oi)ened and removed. PolloAving the first dre.ssing change on the ninth or 
the tenth day, it may be necessary to change the dressing eveiw three days to 
remove additional sloughing tissues. The entire slough of an extensiA'e third 
degree burn can be removed easily by the eighteenth day. Adec]uate narcosis 
can bo maintained by Vc gr. of moiiflnne, to be used only during the dressing 
ciiangcs. Further narcotics arc not needed. 

To change the dres.sing, the ace bandages must be removed and, Avith a 
l)air of sterile bandage scis.soi-a, the heaxy tAvel\-c-inch gauze which has been 
])reviously moistened is cut through. With the slightest help, tlie cut bandage 
will drop aAvay from the small mesh gauze lying directly on the burn. At 
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this point, another moistening of the gauze will aid in its removal. The fine 
mesli gauze is removed by pulling each strip separately, longitudinallj' and 
not transversely. There is loss pain when the dressings arc removed in this 
mannei'. Sedation should be employed until all of the slough of a third degree 
burn has been separated from the area. Sedation is not necessary at any 
time but at the dressing change. 

Penicillin, 20,000 units every throe hours, is continued until all second 
degree burns are healed or until the entire sloughing area of third degree 
burns has been removed. The use of .sulfonamide drugs has been di.seontinued 
unless tlie patient is sensitive to penicillin or .supplies of ])enicillin ai'e not 
available. It is believed that there is less toxic effect on the kidneys from 
penicillin than from sulfonamide thera]\v. 

The wide publicity heretofore given the sulfonamide drugs has made every 
man in the service and most civilians belie^’c that the sulfonamides are tlie 
answer to all infections. They have ecrlainl.v helped to overcome many bad 
infections that were never ade<(ualcly treated before. This docs not make it 
mandatory that all of us fall into a false feeling of security about the sul- 
fonamide drugs. The same can be said about penicillin. They arc of unques- 
tioned value when used internally to control the .systemic effects of infection, 
but I feel that sulfonamides and penicillin ap]died locally to the burned areas 
definitely slow the healing process. The more nearly physiologic can be made 
the local treatment for burns, yet holding infection in cheek, the better are 
the results. 

Epithelization has boon so rapid with this management that only the woret 
of the third degree burns have needed grafting. Three luuulred and fifty- 
eight burns of all types and degrees have been treated; of this number, 231 
had some third degi’ce areas. The 127 second degree burns 'healed spontane- 
ously in from seven to twentj'-one days, without scarring of a disfigui’ing nature. 
Of the 231 third degree burns most healed spontaneously, only IS needing 
skin grafts. One extensive third degree burn was allowed to heal in for 
experimental purposes when grafting would liave speeded recovery; although 
both legs were burned from the shoe tops to the knees (tliird degree) they 
healed in 105 days under this management (Case 1). 

CASE REnORT.S 

Case 1. — JCogro man, aged 20 years, was burned with gasoline on Sept. G, lGt4, 
when a blowtoreh exploded within a closed room. About 40 per cent of iiis body w.o-s burned 
with second and third degree burns. The face, backs of both hands, both forearms, both upper 
arms, both legs, thighs, and the right buttock were involved. Treatment was started else- 
where n-ith partial debridement, plasma, and pros.suro dressings with petrolatum gauze. He 
was admitted to the service with a. temperature of 105“ F., badly in need of fluids .md 
whole blood. The fluid balance was corrected and wet dre.ssings, using the saline-gl.vcerin- 
acetic acid solution were applied. There was an immediate drop in the temperature, which 
did not exceed 102° F, for the remainder of his time in the hospital. 

Healing was allowed to take place in this patient without the benefit of grafting so 
that we could follow the epithelization. Both lower legs had extensive third degree burns 
going entirely around the leg. All of the skin sloughed and part of the subcutaneous tissue 
separated when the slough was removed. All of the burns of the hands, arms, thighs. 
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buttocks, and face %\cio liealed by the tuonty-eigbtli day. Tliis comprised about 90 per 
cent of the burned aica. Tbc remaining pait took an additional 75 days to heal, thereby 
making a total of 105 days for complete healing of the entile burn without grafting. 

Case 2. — A 2S-yeai-old white man was binned while cleaning a boiler. Superheated 
steam entered the boiler causing e.vtensive second and thiid degree burns involving the 



B. 

Figr. 3 . — Aj Infected third degree burn prior to grafting with seed grafts (Ravaden). B, One 
■week following application of the grafts. 
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face, ears, neck, all of tlie back down to the belt line, the chest to the nipple line, 
both shoulders, both arras down to the hands, and both legs down to the shoes. About 
70 per cent of the body area was involved. Immediate treatment consisted of % gr. 
morphine and the washing of the entire burned area with ether to remove oily substances 
applied before the patient arrived on the service. Skin that was loose from rubbing of 
clothes and from his efforts to get out of the boiler was removed. None of the blisters or 
obvious third degree areas were removed. Tire continuous pressure dressings with the 
saline-glycerin-aeetio acid solution were applied. Whole blood was given, five transfusions, 
and two units of plasma in the first four days. The first dressing change was made on 
the ninth day. At that time about SO per cent of the entire burn was healed. Successive 
dressing changes were made on the fourteenth, twentieth, and twenty-seventh days. The 
entire burn was healed, with residual scarring only on the third degree areas by the 
twenty-seventh day. 

The patient, characteristic of all burrr cases handled, was allowed out of bed on the 
tenth day and encouraged to become ambulatory as soon as he desired. At no time was 
there any kidrrey complication and there was not the usual secondary anemia found with 
severe burns. Penicillin was given at the rate of 20,000 units every three hours from the 
day of admission until the twentieth .day. Narcosis consisted of morphine, gr. *4 the first 
day and gr. 14 for the first two diessing changes. The patient was without pain except 
for a sliglit stinging sensation when the dressings were moistened. The stinging sensation 
disappeared in two to three minutes after application. At no time was there any odor 
from the burn. 

The most demoralizing thing about a burn tvard is the odor which has 
been invariablj' present. The patients are apathetic, and it is apparent that 
the odor from the burns causes much of the poor morale found on the usual 
burn ward. This treatment kills all odors within twenty-four to thirty-six 
hours. It, is most dramatic to have a new draft of patients with burns arrive 
on the ward ; invariably they are most odoroirs. The acetic a cid-glycer in-saline 
solution dressings stop the odors so that soon the new patients are laughing and 
joking as those in any clean surgical rvard. Patients with extensive burns 
treated immediately Avith the acetic acid-glycerin-saline solution never develop 
any odor during the course of their treatment. 

SUJIJIARy 

1. A series of 358 burns liave been treated with saline-glycerin-acetie acid 
solution, pH about 3.8. 

2. The odor from burns is eliminated and the patients’ morale is as high 
as in a clean surgical ease. 

3. There is no maceration of the tissuc.s with this solution such as is 
common with petrolatum gauze and other ointments. 

4. Glycerin in the solution, being liygroscopic, lends to make the dressing 
changes easier and apparently .stimulates epithelization. 

5. Acetic acid, even in such small concentration, provides an adequate 
cheek upon the pyogenic infections. 

G. These dressings clean the burns very rapidly, resulting in clean gi-an- 
ulating surfaces suitable for early .skin grafting. 

7. Doing the dre.s.sing.s without anesthesia makes it ])o.ssible to avoid part 
of the danger of a complicating pneumonia. 

8, The very minimum of grafting is neee.ssary under this regime, and 
epithelization appears to be faster tlian witli other methods. 



THE USE OP ACETIC ACID-GLYCKEIN-SALINE SOLUTION IN 

SKIN CRAFTING 

Lieutexant Frederick E. Ludwig, JIkdicai. Corks, U.S.N.R. 

Q KIN grafting has long been one of the most imjiortant procedures associated 
with burns and other slowly healing wounds. The re.sults from grafting 
have been as variable as there arc dilTcrcnt individuals working with the prob- 
lem. Anyone who works with Inirns or with slowlj' healing battle wounds must 
do some type of grafting. In llie large scries of burn eases recently reported,* 
this method of grafting was employed for those cases that needed grafting. This 
method was also used when clean, retracted scars were excised prior to grafting 
and other slow-healing battle wounds. 

There are certain imjiortant factoi-s that must be controlled before grafting 
can be a success. The following procedures were followed in detail in all of the 
cases listed in Table I. 

1. Grafting was not attempted until the hemoglobin of the blood stream 
leached the level of SO per cent. SufTicient transfusions were used in all eases 
to achieve this level. 

2. Preliminary dressings to clean the area to be grafted, using the acetic 
acid .0 per cent, glycerin 15 per cent in normal saline solution (ph about 3.8) 
vith continuous wet pressure dressings, were applied in the same manner as the 
diessings for the acute burns. Severe burns arc always ready to graft just as 
soon as the slough has separated, usually by the sixteenth to the eighteenth days. 

3. The donor site is prepared with a forty-eight liour preparation using 
gieen soap the firet day followed with ether and alcohol. jMcrthiolate or other 
meieurial agents have not been used on the donor skin, the two-day preparation 
with ether and alcohol being sufficient . 

4. Ollier-Thiersch grafts have been used in jirefcrencc to other types, the 
^’afts being taken with the razor technique rather than with the dermatome. 

onor skin is treated with great care so that the cut edges do not touch any 
surface other than the granulating area to be grafted. 

5. While the operator is taking the graft under local anesthesia an assistant 
cuts off the pressure dressing from the site to be gTafted and removes any 
obvious pieces of slough, dirt, or dressing that appear on the surface. It is not 
necessary to scrape the granulations, for the pressure dressings have kept them 
fiom overgrowth. The donor skin is then applied, using extreme eare to prevent 
any of the edps of the new skin extending over any previously epithelized area. 
All wrinkles in the graft are smoothed out and all air bubbles that may have 
been caught under the graft are extruded. 

6. Fixation of the graft is done by applying the burn dressing over the 
p’aft without suturing of the donor skin. Pine mesh three-inch gauze moistened 
in the a cetic acid-glycerin-saline solution is placed directly on top of the grafted 
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Tabie I 


TYPE OP CONDITION 

NUMBER 

OF CASES 

TYPE OP GRAFT 

RESULTS — 
AVERAGE TAKE 
(PER cent) 

Burns, all classes 

■ 17 

Ollier-Tliierseh 

90 

Burns, all classes 

2 

Kavaden seed 

70 

Contracted scars from bums 

, 4 

Ollier- Thiersch 

95 

Infected wounds (amputations, 
compound fractures, etc.) 

5 

Ollier-Thiersch 

70 


area. Five or six layers of lieavj’' rolled twelve-inch gauze is placed over the 
grafted site and moistened with the solution until dripping wet. ace bandages 
are tlien applied to give continuous pressure on tlie gi’aft. The ace bandages 
are removed every eight hours, the dressings remoistened, and the ace bandages 
reapplied. It is important that tlie dressings be kept wet for the succeeding 
seven days. The entire dressing is then removed for the first time, using care 
that all of the three-inch gauze is well moistened before any attempt is made to 
remove it. 

7. Penicillin, 20,000 units every three hours, was given intramuscularly for 
seven days after grafting to inhibit infection. None was used on the burn or 
the grafts. 

At the end of seven days the results of the grafting will be fairly obvious. 
The thin edges of the graft will take slowly while the centers will be well ad- 
vanced by seven days. The same wet dressings are then reapplied until all 
of the ungrafted areas have bridged over. 

Various types of dressings, grafts, and procedures were used in the develop- 
ment of this technique. Pavaden seed grafts were tried on two patients who 
had such severe burns that donor skin could not be found in patches large enough 
to use the Ollier-Thiersch method. Most of the seed grafts took (70 per cent) 
but it was found that many of them pulled off with the dressing changes due 
to their small size. Suturing of the graft to the wound was tried but it was 
found that occasionally the removal of the sutures on the eighth or tenth days 
caused a stitch abscess under the new skin. Fixation with the pressure dressings 
has been adequate. Fixation of the grafts with fraction A human plasma* 
was used with fair results but with less success than with the acetic acid method 
(see Case Koport). 

Four recent burns (three to six months old and all healed) had markedly 
contracted anticubital spaces, hands, and axillae. These have been ^rafted with 
this method by the simple procedure of cutting away all of the offendiim scar 
and applying the half-thiekne.ss gi-afts to the subcutaneous tissue. About 95 per 
cent takes were noted in all of these clean cases. Extension of the elbow was 
improved from 90 to 160 degrees. Abduction of the shoulder was improved 
from 0 to 100 degrees. The two patients witli hugei-s and the dorsum of the 
hands involved obtained 60 per cent of their nomal motion from a complete 
fixation and a diminution of the webbing between the fingers. The end results 
Qt method are not as good as those from tube grafting; liowever, this method 

*I-oilerlo Laboratories. Inc., Pearl Klvcr, X. y. 
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saves the patient many months of ti-eatment and with tlie eoopovaiion of the 
patient an adequate result can ])e obtained. It is loo soon to be ceitain tliat the 
scarring will not return in the form of keloids later. Some contraction has been 
noted on two of these patients after four months, although the euiTent results 
are much better than tlie original condition of tlie patient. 

CASE REPOllT 

A white inun, veteran of the Unileil Statc.s Army, was adiuitteit Bee. 1, with 

numerous third degree burns over tiotti liamls, foreaun*-. iipiicr left arm, and left .shoulder. 
About 10 per cerrt of the body area was involved. This j>atit'ut was epileptie and in n 
convulsion he fell onto a liot ladiator. He was treated elsewhere witti })iciic aeid ointment 
and without dC’bridement. As soon as he was admitted to the ’service, his burns were washed 
with ether to remove the ointment, and the snline-glveerin-acetic acid solution was applied 
as the wet pressure dressings. The Imrns were very deep with .subeutnneoiis tissue involved 
so that sloughing continued for twenty-fne days. At ttiat time there was a noticeable 
ingromh of epithelium. The hc<l of granulations tilled in siiOieiently so that on the thirty- 
eighth day there wa.s a good bed of gianulutions upon whieb to graft. On the fortieth 
day half-thickness Ollier-Thiersch grafts were taken from the thigh and applied. 
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Fig. 1. — Back of right forearm grafted witli Jialf-tliicltness Ollier-Thiersch grafts placed 
upon a base of fraction A human plasma. Tliere was an estimated 50 per cent take of vne 
graft at the first di'essing clrange on tire .sovcntlr dav postoperative. 


For experimental purposes the right arm was treated with the human plasma fraction 
A and the grafts glued with the plasma. The grafts were held in place with perforated 
cellophane (since discontinued) and the usual burn dressing. Tire same teebnique of taking 
the graft, covering it with cellophane, and using the burn dressings was followed on the 
left arm except that the plasma fractioir was omitted. Roth arms were moistened for one 
week and then both dressings were changed. The right arm (plasma treated) showed about 
a 50 per cent take of tire grafts. It was noterl that the thin edgo.s of the grafts failed 
to grow while the thicker centers survived (Figs. 1 and 2). 

The left arm showed remarkably good results with about a 95 per cent take of the 
grafts on the lower arm (Fig. 3). On the upper arm the dressings slipped a little and 
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dried out so that there was only about an 80 per cent take of the graft. The small bum 
on the left hand was not grafted and was allowed to heal spontaneously to act as a control 
for the other two methods of fixing grafts. There was little healing although this small 
burn was dressed with tbe wet pressure dressings. 



fib, 3.— Ujft arm Braftod with hnir-thlckncs.i OIllor-Tliier-.-cii rrnfto nn,l UonI 
wttli tlic .acotic ncHl-Klyocrin-northal .“aline solution, for .“ovon days' in^toheraUvo ” rontimimii 
iwessurc was ap)>liml. There wa.“ apDroximatcly a S5 per cc.S?^t„^rof the nrift cxccnt^ 
the top whore the dressing's slipped and dried out. Here the take wiis al»ut SO m-r emU * 



USE OF RECTUS SHEATH AND SUPERIOR PUBIC LIGAiMENT IN 
DIRECT AND RECURRENT INGUINAL HERNIA 


PRELIJIIXARY ReRORT^ 

Hamlin JIattson, j\r.D., Sl.S. (Surgery), JIixneapolis, JIixx. 

(From the Departmcni of Surgery, UvivrrttUy of ^tuincsoia Mrdicnt School) 

D espite improvements in surgical teeluiique, recurrence rates for direct 
and recurrent inguinal liernia remain high. In a recent collection of end- 
result studies, covering a period of ten years, rates for direct inguinal hernia 
varied from 2,7 to 33.3 per cent, with an average of la to 20 per cent.-' In 
1934, AndrcAvs and BisselP reported a recurrence rate of 27 per cent and 
advocated abandonment of operation for direct inguinal hernia unle.ss pain is 
present. Follou'-uii studies leave much to be desired and, hence, rates 
probably actually are higher than generally recorded. With competent sur- 
geons, widely distributed, making .such reports and e.\'pi‘e.s.sing dissatisfaction 
with them, challenging scrutiny beyond teelinique and variations in basic method 
heretofore in general use is justified. 

If it Avere possible to cover Ilesselbacli s triangle from the jnibie spine with 
a layer of thick aponeurosis and anclior it to a solid structure by sewing clean 
fascia to clean fascia without tension, better results .should be ])Os.sible generally. 
This presupposes search for and elimination of peritoneal pockets at the internal 
ling. 

Since late in 1943, I have employed procedures Avhich seem to sati.sfy 
these postulates better than any noAv in general use. This rectus sheath-superior 
pubic ligament method is hitherto imde.seribed in the literature available. A 
boomerang-shaped flap of anterior rectus sheath is sutured to the superior pubic 
(Cooper’s) ligament for a distance of 5 cm. from the pubic spine and the superior 
portion of the flap is sewed to the transversalis fascia up to the cord. The in- 
guinal ligament is ignored. In addition, the cremaster envelope is opened at the 
intei’iial ring and transversalis fascia is sewed to ti'ansversalis fascia as a collar 
about the actual structures of the cord. The exteiaial oblique fascia is sutured 
external to the cord. 

Jlethods currently used foi- repair of direct inguinal hernia are essentially 
modifications of a teelinique described by Bassini" of Padua, Italy, about fifty- 
five year’s ago. The inguinal sti'ata are sutured to the inguinal ligament. Bassini 
was comparatively unknown at that time, yet his work raised a historic surgical 
monument. In its day it rescued the surgery of hei’iiia from despair and placed 
it on a firm foundation. Bassini 's follow-up and results were good, even b}' 
todaj^’s standards. Of 251 eases, he followed all Imt four and 108 were followed 
from one to four and one-half years. He reported a 2.1 per cent recurrence rate. 
In contx'ast, the same year an English surgeon, knomi in America for his Avork on 
hei’nia, spoke before the Royal Medical and Chirurgical Society. Recurrence 

Received for publication. Sept. 21. 1945. 

♦Presented at the meeting- of the AVells County, Indiana, Medical Societj’, Nov. 26, 1944- 


498 


MATTSON : KECTUS SHEATH AND PUBIC LIGAMENT IN INGUINAL HERNIA 499 

figux’es were given but omitted froni publication. A discussant obseiwed tiiat 
ill the vast majority of liernias in adults he believed the patient was relieved but 
not cured. 

Surgery has come of age since 1S90. Further advances have been made in 
anatomy. It has been possible to study structures in the inguinal region with 
greater eare.^> As a. result, the very basis of the Bassini operation has 

been challenged, especially in the past feiv years. After a dissection of 300 in- 
guinal regions, with the thought of continuity of aponeurosis and fascia in 
mind, McVay’® described the inguinal ligament as essentially a guy lupe. “The 
inguinal ligament,” he wrote, “is not the site of insertion of either the trans- 
versus abdominis or internal oblique muscles, nor is it anchored securely enougli 
to its fascial surroundings to serve as a substitute for tins insertion.” He 
stated that “pure fascia (for -example, trausversalis fascia) does not have the 
strength necessary to repair a musculo-aponeurotie defect such as oeenrs in 
direct inguinal hernias.” He found that the “lowermost fibers of the internal 
oblique and transversus abdominis muscles do not attach to the inguinal ligament 
hut insert into the fibrous covering of the pubic pecten, the ligamentum pubicum 
> superius (ligament of Cooper).” According to bis findings, the conjoined 
tendon usually is an artifact of dissection. In 7 per cent of dissections he 
found the lower transversus abdominis deficient. 

SUPERIOR PUBIC LIGAMENT 

The superior pubic ligament (BNA) ivas described in 1804 by Sir Astley 
Cooper (1768-1841). He is said to have advised its use in inguinal hernia 
operations.® Through the years it has received scant attention from anatomists 
and surgeons. It is accorded four lines of fine print in the twenty-fourth 
edition of Gray’s Anatomy, published in 1942.” It is a strong fibrous band, 
extending lateralward from tlie ba.se of the lacunar ligament along the pectineal 
line of the superior pubic ramus, to which it is attached firmly. It is strength- 
ened by the pectineal fascia and by a lateral expansion of the loiver attachment 
of the linea alba called the' adminiciilum lineae albae. It can be felt in a hernia 
operation by retracting the cord and running the finger with pressure from the 
pubic spine medially and at an angle posteriorly as compared with the direction 
of the inguinal ligament. Lotheissen” reported using it in inguinal and femoral 
hernia in 1898. His first ease was that of a 45-year-old woman who had been 
operated on for inguinal hernia twice before by the Bassini method. At the 
third procedure, in May, 1897, he ivas unable to perform the Bassini operation 
due to the destruction of the inguinal ligament and resorted to the use of 
Cooper's ligament. He quoted Naratlj of Utrecht as having performed the 
same pi-occdure under similar circum.stanccs. Subsequently, the method was 
used for femoral hevnia.s by a number of authors in Europe and America. In 
1927 Babcoelri sutured the rectus sheath to the dense fibrous covering of the 
pubic pecten in inguinal iiernia. In 1936 Biclwon'’ .suggested ignoring the in- 
guinal ligament entirely. Imjietus was given to iti(cre,sl in the subject by the 
anatomic studies of MeVay and a.s.s'oeiates, previously referred to, Recentlv at 
Henry Ford Hospital in Detroit practically all hernia operations have been 
done by the superior pubic ligament technique.” 
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In Xovember, 1943, Victor Salinsky and I a])p]ied tlie inetliod iis used by 
Harkins. To relieve tension we ent the reetins sheatli a.s he did. Because of dis- 
satisfaction witli the relaxation thus produced and the inadequacy of the 
transversus abdominis in certain patients, we turned down a fla]) of rectus, a 
method which has been applied to the infruinal ligament. 

TUK RKCTUS sin:.\TU 

Bassini is said to have u-sed the rectus sheath often in closures.^ In 1892 
Wolfler”- cut the rectus .sheath and used it in hernia rej)air. Slajiner-" (1898) 
reported on 150 eases, using WolflcJ-'s method. Ilis drawing, however, shows an 
incomplete rectus flap sewed to the middle third of the inguinal ligament. The 
flap is not cut down to the pubis. Berger'’ (1902) and Ilahsted'- (1903) turned 
domi full flai).s of rectus fascia in inguinal hernia repair. In 1941 Estes’® 
reported 2.77 ])er cent recurrences in .seventy-two dii'cet inguinal hernias in 
which he employed the rectus flap to the inguinal ligament method. 

The so-called conjoined tendon often is a very flim.sy sl)'ucturc. ilcVay'® 
found that it usually was an artifact of di.ssecfion. In 1940 Bienholf® dissected 
200 eadavei’s and found difficulty in demonstrating a conjoined tendon. 

ur-sumuTiox or method 

If the incision ordinarily u.sed for hernioj)lasty is jilaccd 1 cm. superiorly 
and 1 cm. medially, exposure for the procedure to be described is improved. I 
have used a hockey stick type of incision. The external oblique aponeurosis is 
split over the cord, the cord and cremaster envclo])e separated from its bed, 
and the superior ramus of the pubis palpated as described ])revious1y. 

The crema.ster envelope is opened at the internal ring and the actual 
structures of the cord isolated. A peritoneal pouch has been looked for and found 
in each case. The pouch is opened, a finger imserted into the peritoneal cavity, 
the strength and redundancy of the floor of Ilesselbach’s triangle evaluated, and 
decision made as to the Jiecd for a rectus sheatii-superior pubic ligament repair. 
In direct hernia the inferior epigastric vessels are i.solated and direct and in- 
direct sacs usuallj' converted into one (Iloguet maneuver), ligated, and 
anchored high (Koeher). Then the transversalis fa.seia is sutured as a collar 
about the actual structures of the cord. Occasionally the transversalis here is 
flim.sy, but not as often as earlier literature indicates. The cremaster envelope 
is closed. 

Beginning at the pubic spine, the superior pubic ligament is exposed by 
blunt dissection, using the left index finger against the femoral vessels as a 
retractor. Oozing can be controlled with a small sponge pack. After approxi- 
matelj' 6 cm. of ligament have been exposed, a flap is cut from the anterior 
sheaths of the rectus and pyramidalis mirscles, as indicated in Pig. 1. Occa- 
sionally, a weak area will be found at the lateral edge of the rectus. A few 
sutures may be necessary. Ordinarily the rectus sheath is stout throughout, 
varj’ing in thickness, of course, with the individual's general fascial endow- 
ments. Fine internipted silk sutures are placed as indicated in Pig. 2, care being 
taken to include bundles of the rectus sheath fibers and touch bone along 
the superior ramus of the pubis. A small stout curved cutting needle is used. 
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Then transversalis fascia and the upper portion of the rectus sheath flap are 
sutured up to the cord with fine interrupted silk (Fig. 2). Tilting the table, 
feet down, at an angle of 45 degrees seems to facilitate the placing of sutures. 
The cord is allowed to fall into the resulting depression. The external oblique 



Kip. — lllustnitinp suture of rectus sheath to superior pubic Ilpament. 
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aponeurosis and the supci'ficial fascia then arc .sutured anterior to the cord. 
Nearly all patients M'cre operated on by the .silk technique. In a few of the 
early operations catgut wa.s used. Tlie reaction in .silk .sutiu’cd wounds lias 
been minimal and no .slough of .sutures has taken place. 

IKDIC.VTIOXS 

The method described .seems indicated in (1) direct inguinal hernia.s, (2) 
indirect inguinal liernias where tlie fa.scia of llcsselbaeli's triangle, as .shown by 
the palpating finger witliin the abdomen, is weak or greatly redundant, (3) 
recurrent inguinal hcniias, and (4) femoral liernias. 

IJl MEDIATE RI':.SULT.S 

Tliirty-five patients have been operated on liy one or botli of the procedures 
outlined. The youngest patient was 19 years of iige and the oldc.st 56. Tlie 
average age wa.s 25 years. In twenty-two direct inguinal hernias the rectus 
sheath-superior pubic ligament procedure wa.s u.sod and in eiglitcen of these tlie 
redundancy in the transversalis fa.scia collar around the actual structures of the 
cord was taken up. In tliirtecn tlie latter jirocedure alone wms carried out. 
There were tlirec recurrent liernias and in two of these the rectus sheath-siiperior 
pubic ligament procedure was used. There were no deaths. Tlierc was one in- 
stance of umund infeelion. All were cheeked after si.v weeks and no evidence of 
reeiu'rence found. 

nisct’ssiox 

The series reported here is too small and the follow-up too short to formu- 
late any final conclusions. However, it is my impression from this expei’lence 
that the operation is sound in principle and gives promise to lower recurrence 
rales in its field. Longer term follow-up studies are planned. It is well known 
that the most vulnerable area for recuiTonec is the lower angle where, in the 
Bassini operation, tu'o fixed structui’cs, the so-called conjoined tendon and the 
inguinal ligament are sutured. This cannot be done u'ithout tension, as empha- 
sized by Stein and Casten.-^ In my opinion the procedure described harmonizes 
more udth basic principles of plastic surgeiy. It jicrmits suture without undue 
tension. 

As pointed out by JleVay,’® the transvensalis in this angle sometimes is 
developed poorly. Rectus aponeurosi.s meets this deficiency and in this respect 
seems to be an improvement o^’cr proccdurc.s involving the superior pubic liga- 
ment described heretofore. 

It is interestijig that on examination postoperatively with the finger in the 
external ring a different sensation is imparted than is found in more commonly 
perfoi'med heniiotomies. Little or no tran.smi.ssion of impulse is felt. 

The advantage of the procediu'c in recuri'ent hernia is that previously 
worked over sear-laden tissues are avoided and the o 2 )eration is carx’ied out in a 
virgin field. Recurrence rates therefore should aixpi'oximate those of tlie 
primary operation. 

The procedxire requires more time to perfoi’m than the average herniotomy. 
As more experience is obtained, however, operating time discrepancy diminishes. 
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. The sphincter action of the internal oblique at the internal ring is not dis- 
turbed. Any skeptic about such sphincter action should pkce his finger in the 
neck of an indirect hernial sac in a muscular patient who is allowed to recover 
partially from a general anesthetic. 

Superior pubic ligament procedures safeguard against overlooking an occult 
femoral hernia and insure against subsequent development of femoral hernia. 

Most of these procedures were done under spinal anesthesia, using mixtures 
of pi’ocaine and pontoeaine. 

SUAIMARY 

A method of hernioplasty is described wherein a fiap of anterior rectus 
and pyramidalis sheatii is turned down and sutured to the superior pubic liga- 
ment. Such a procedure is believed indicated in (1) direct inguinal liernias, 
(2) indirect inguinal hernias with weak and redundant fascia in Hesselbach’s 
triangle, (3) recurrent inguinal hernias operated on previousl}’" by other 
methods, and (4) femoral hernias. Further work witli the method and follow-up 
studies are planned. , v 
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Of the total group of 201 patients whose histories were sufficiently reliable to 
establish the duration of symptoms, 136 wore men and 65 were Avomen, The 
curves of these two groups and the total group are essentially identical indi- 
cating that each sex was equally negligent in seeking Ircatmont. The peaks 
at the tAvelfth and twenty-fourth months periods in Chart 1 are probably ex- 
plained by the patient’s inabilities to remember precisely the duration of their 




illnesses when they were of that length of time and a possible tendency of the 
history recorders to be negligent in seeking exact information when the symp- 
toms were long drawn out. Chart 2 is interesting in that it reveals that many 
patients who were amenable to radical surgery had had symptoms for a long 
peidod. Thirty-eight per cent of the group who Avere nonreseetable had had 
symptoms less than three months Avhereas in the radical surgery group, 27 per 
cent had had symptoms for a corresponding period of time. On the other 
hand, 22 per cent of the radical surgei-y group had had symptoms for nine 
months to one year compared Avith 12 per cent in the nonsurgieal group. 
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Undoubtedly this indicates that many of the patients who had liad symptoms 
for a long period were either harboring tumors of a low growth potential, had 
a high host resistance factor, or had a carcinoma arising in an ulcer. In any 
event, the relationship between the host and the tumor was such that the tumor 
could not or did not reach the inoperable stage in spite of its long residence 
in the host. 




21-30 31-40 41-50 51-GO 61-70 71-80 
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The preponderance of the di.sease in the male sex and in the '.sixth and 
seventh decades of life is well illustrated in Chart 3. It is interesting that 
the incidence of the disease is highest in men in the .sixth decade whereas in 
women it is in the seventh. Cliart 4 shows tlie comparative age distribution 
in the two periods. It would suggest that avo are seeing disease in younger 
people than Ave did in the early decade, but probably the groups are so small 
that the ditiCcrcnec is not of any statistical significance. 



510 


SURGERY 


CHART 5. 

GASTRIC CARCINOMA -NEW HAVEN HOSPITAL 
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rears, and it seems likely that they will, then 33 per cent of 'the operative 
lurvivors will be long-term survivors. The survival rate of resectable gastric 
lancer compares favorably with that of cancer of many other organs and is 
aetter than some, namely lung and hypopharynx. 
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A comparison of the operative mortalitj^ rates for the various types of 
procedures performed is shown in Table IV. There has been a fall in the 
gastrectomy mortality rate from 52.6 to 37.5 per cent. The latter figure is 
still much too high, but it is an improvement over the former. Perhaps it is 
only fair to state that it includes five total abdominal gastrectomies on pa- 
tients who had extensive disease and were poor operative risks. On the other 
hand, their only chance for survival was through a gastrectomy and thei-efore 
the procedure was justified. 

A 'study of the records of the ijatients who succumbed to the operation 
failed to reveal a significant single important cause for the deaths. Of almost 
equal prominence wore peritonitis, with and without a perforated suture lino, 
pneumonia, pulmonary embolism, coronaiy thrombosis, and unexplained rea- 
sons. Of some significance, hovever, is the fact that an occasional patient died 
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Tabu; IV. Oi'EKATive XrouTAT.iTY 
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from resection of vhat, dnrinfr the course of the operation, pi'oved to he a 
nonre.seetable tumor. The operator had ah'oad.v committed him.self to a gas- 
trectomy before this fact was ascertained. It is of tlie utmost importance to 
e.Yamine all of the critical points before committing one's seif to the resection. 
The lesser peritoneal sack should be opened to make certain that the tumor 
has not invaded the retroperitoneal tissues, and the vicinity of the hepatic 
artery and common bile duct should be carefully inspected. The actual re- 
moval of the stomach should not be started until the surgeon is certain that 
he can do it without jeopardizing vital structures or cutting through tumor. 

Survivors . — Four of the nine sui-vivors wei'e women and five were men. 
Three had regional Ijunpli node involvement whereas six did not. Four gave 
past histories suggestive of an ulcer: one. nine yeans previousl}'; a second, 
five years; a third, four years; and the fourth, three years. Four gave a 
present illness dui'ation of one year. The others varied between one and ten 
months. Two of the nine died of carcinoma between five and six years after 
their resections had been done. 


D1SCU.SSIOX 

Cancer as a whole can be divided and classified into two large groups, 
the external or accessible, and the internal or inaccessible. In the former are 
such lesions as carcinoma of the skin, brea.st, mouth, and external genitals, 
including the cervix. They are characterized by the fact that they lend them- 
selves to early detection either visually or by the examining finger. In the 
latter group are such malignancies as carcinoma of the lung, gastrointestinal 
tract, and kidnej's. Lesions in these locations are not easily detected, pai*- 
tieulai’ly in their early stages, and may grow to a large size before causing 
sjmiptoms that will lead a patient to see his phy.sician. 

In recent years considerable literature has appeared regarding the man- 
agement of, and results obtained in. Cancer Prevention Clinics or, as they are 
.sometimes called, Health ilaintenance Clinics. Their purpose has essentially 
been one of periodic physical examination with the hope of detecting early 
external cancer and of preventing such cancer by eliminating chronic tissue 
abnormalities that might lead to cancer. Their scope, however, is being ex- 
tended to internal cancer. St. John, Swenson, and Harvey® have reported 
2,413 people on whom roentgenographic examination of the stomach AVas per- 
formed. The subjects were in the cancer age group, but all Avere Avithout 
significant sjunptoms referable to the stomach. Three unsuspected tumors 
Avere found; tAVO Avere carcinomas and one AAms a lymphosarcoma. At first 
glance this seems like a worth-Avhile achievement. Three patients Avere sub- 









LAWRENCE AND KAY; CARCINOMA OP STOMACH 


513 


mitted to treatment who might otherwise have been lost. However, one of 
these tumors could not be identified at the original operation, and it was only 
after the second abdominal exploration was carried out some months later 
that the tumor was definitely identified and resected. The magnitude of this 
approach to the detection of early gastric cancer is further emphasized by the 
fact that it would accordingly be necessary to do over 80,000 examinations 
to find 100 tumors. There is neither technical assistance available nor suffi- 
cient well-trained radiologists to organize and pursue a program extensive 
enough to make it worth while. Furthermore, one might raise the question 
whether even if there were sufficient help, the results achieved would justify 
the expense. 

One must not lose sight of the fact that it is impossible for the clinician 
to make a diagnosis of early gastric cancer and that it is at times extremely 
difficult even for the radiologist to do so. Therefore, if this method is to be 
used for the early detection of gastric cancer, examinations must be repeated 
at least every six months throughout the cancer important decades. Such a 
task on a scale sufficiently broad and extensive to obtain significant results 
seems insurmountable at the present time. A single examination certainly 
will not suffice, nor, in view of the insidiousness of the onset of this disease, 
will yearly examinations be sufficiently frequent. Evidence for this latter 
point is the fact that 20 of the 208 patients in this series had had negative 
x-ray examinations of the stomach from six months to two years before the 
disease was finally detected. 

These paragraphs are not meant to discourage such cancer-detection pro- 
grams. They represent a step in the proper direction in that they are attempts 
to find early and curable cancer. However, the magnitude of the task, par- 
ticularly if projects large enough to be effective are started, the need for a 
far larger medical and technical personnel than is now available, and the ex- 
pensive nature of the program should all be recognized. What seems to us 
to be a more realistic approach to the problem has been the work of Rigler, 
Kaplan, and Fink* on the relationship between pernicious anemia and tumors 
of the stomach. Roentgen studies of the stomach with barium were done on 
211 patients rvith pernicious anemia. Eighty per cent had multiple examina- 
tions. Seventeen carcinomas and fifteen benign tumors were found. In other 
words, a disease which is known to predispose to cancer of the stomach Avas 
studied irith a comsiderable degree of success. 

Of probably greater iTninediate importance is the ever-continuing propa- 
ganda with respect to the education of the public and physicians in early 
diagnosis and early treatment. The Avords, early diagnosis and early treat- 
ment, arc in danger of becoming a trite phrase if they do not constitute one 
already. IIoAvever, it is impossible to OA'cremphasize the fact that a small 
early cancer is more favorable than a large late one. The educational litera- 
ture of such organizations as the American Cancer Society seems to be sloAvly 
taking effect upon the public. Increasing numbers of patients appear for ex- 
amination Avith symptoms that formerly might be considered insignificant. 
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pexis operation and both showed the early afferent arteriolar lesions associated 
with essential hypertension. 

The technique of the operation w%as essentially the same as that reported'® 
in the dop:, which is as follows : 

The kidney and the spleen were mobilized .so they were easily appo.sed. 
A cruciate incision, about 1 cm. deep, was made in the kidney. The lonjf 
axis ran over the convex surface from pole to pole. The shorter axis ran trans- 
versely at the midpoint of the longitudinal incision. The edges of this in- 
cision were undercut to give a flat raw .surface. The spleen was incised from 
the free distal edge almost to the pedicle and undercut to give a flat .surface 
the size of the cut kidney. The cut surfaces of spleen and kidney were then ap- 
posed and maintained in that position by means of three sutures of ribbon 
catgut. The catgut was brought through the substance of the kidne\* by 
means of a specially designed aneury.sm needle to prevent its slipping off the 
rounded poles. It was then continued around the spleen between the vessels 
of the pedicle and the ends were fixed with a silk suture. The wide catgut 
was drawn tight enough to stop bleeding but not tight enough to cause pres- 
•sure necrosis. 

The results were unifoi'in. In none of the three hypertemsive patients was 
the blood pressure reduced foi- more than three weeks. The patient (L- A.) 
who had lowered blood pressure for three weeks was severely ill at the time 
with pulmonary embolism and infarction. The other two shoAved a fall in 
blood pressure only during the opermtion. After the operation the patients 
have been seen for one year, tAvo years and ten months, and four ycai's, re- 
spectively. 

CASE inSTORIKS 

C.ASE 1 (History No. 0320). — L. A., agoit 2-i ye.Ar,*!, Avris a married Negro rvonian. Her 
first admission was on .Tune IS, 1940. ,SIie was disciiargcd Nov. 15, 1940. 

The chief complaint was frequent headaches for fifteen year.s. Family lii.story revealed 
that the mother and father were well, and the paternal grandmother had hcadaehes and hyper- 
tension. 

Personal History. — The patient was Porn in North OaroVmn and has lived in New Yorh, 
N. Y., since 1935, working as a laundrc.^s. She ha.s been married eight years and has two 
children, 814 and 7 years old. One misearriage was induced six year.s before. Prior to ad- 
mission she lost twelve pounds. 

Fast Health and Illness. — Iloadaelie.s, usually over the vortex of the skull, recurred for 
fifteen years. Belief was obtained with “B.C. powder.s,” aspirin, walking about, and lately 
wearing glasses. TJie headaches were aggravated by menstruation, warm weather, smoking, 
alcohol, or eating pork or beef. They usually appeared late in the afternoon or evening. 
For several weeks the headaches Avere unilateral, involving the left side of tlie head, fore- 
head, and neck. Six years before admission slio developed attacks of e.xcrtional dyspnea 
and substernal aches wdiich have increased in frequency and severity. Five years before 
she had a severe sore throat lasting one month. Three A\-ceks after its onset the right foot 
swelled so that she could not wear a shoe. It required two months for the swelling of the 
foot to disappear. In March, 1940, at the Harlem Hospital, blood pressure and Wasscr- 
mann test were normal. She returned to work but the headaches became Averse. At the 
Metropolitan Hospital on June 18, 1940, blood pressure was 150/120; urine was normal. 
Bed blood cell counts, serum nonprotein nitrogen, and proteins were normal. Electrocardio- 
grams showed inversion of T„ T., and Tj with left axis deviation. Diastolic pressure was 
usually over 100. She was transferred to the Besearch Division on Aug. 29, 1940. 
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Physical Examination.— Temperatuie was 'DS-eT.; pulse, 90; respirations, 20; Wood 
pressure, 138/94. Tlie positive findings W'ere as follows; (1) The patient was a well- 
developed, well-nourished, young woman who appeared well. (2) Slight narrowing of the 
arterioles of the eye grounds without exudation or hemorrhages was present. (3) The 
point of maximum impulse of the heart was 11 cm. to the left of the midline in the fifth 
intercostal space. The aortic second sound was accentuated. (4) The cervix was lacerated 
and the uterus wms retroverted. 

Lahoratory Data.— Red blood cells were 4,530,000; hemoglobin, 91 per cent; wdiite 
blood cells, 10,400; polymorphonuclears, 63 per cent; lymphocytes, 33 per cent; monocytes, 
2 per cent; eosinophiles, 2 per cent. Blood: Glucose 77 mg. per cent; nonprotein nitrogen 
27 mg. per cent; serum cholesterol 210 mg. per cent; serum albumin 4.8 per cent; globulin 
2.9 per cent. Urine: Specific gravity 1.010 to 1.027; albumin 0; glucose 0. Addis counts: 
Bed blood cells less than 1,000,000; white blood cells less than 1,000,000; easts less than 
30,000; urea clearance 103 per cent of normal; phenolsulfonphthalein 80 to 90 per cent 
excretion in two hours, hlosenthal concentration test showed urine specific gravity 1.021 
to 1.028; basal metabolic rate was -16 to -18; antistreptolysin titer ranged between 111 to 
144 units. Kahn precipitation was 2+; roentgenogram of chest was normal; electrocardio- 
gram showed Tj inverted and small, T,, Ta, and T, diaphasic. Retrograde pyelogram showed 
slight dilation of the right pelvis and caliees but no calculi. The small degree of dilatation 
of the right pelvis was thought to be due to distention with the dj’O. Infusion with 1,500 
c.c. of saline solution using the method of Caughey was followed by a maximum rise of 
65 mm. of H.O above the initial venous pressure and by a 22 per cent fall in vital capacity. 
This was interpreted as indication of a decrease in cardiac reserve. By the cold pressor 
test, initial blood pressure was 150/110; after one minute of immersion of hand in cold 
water (4° C.) blood pressure was 200/160. 

Course. — For two weeks the patient was treated with So mnv. of saturated solution of 
potassium iodide because of a 2+ Kahn precipitation test. While in bed for one month she 
showed no improvement in blood pressure, which on thirty-one examinations ranged from 
138/94 to 190/125. On Nov. 15, 1940, she was discharged to the Presbyterian Hospital 
w'here a splenorenopexy was performed, Dec. 2, 1940, by one of us (D. M. W.) and Dr. Allen 
O. Whipple. Blood pressure before the operation was 170/118; Kline test, 3-h; Wasser- 
mann, l■^. The course was precarious for three and one-half weeks after the operation. 
On the eighth day there were signs of pulmonary embolism and infarction of the low-er 
lobe of the left lung. During the stormy postoperative period of three and one-half weeks 
the blood pressure ranged between 100 to 110 sj-stolic and 70 to 80 diastolic. For three 
days before discharge, rvhich was five weeks after the operation, her blood pressure w-as 
recorded as 112 to 124 systolic and 90 to 92 diastolic. The patient was discharged from 
the Presbyterian Hospital on Jan. 0, 1941. 

She was readmitted to the research division three times for further study. The first 
stay from Jan. 14 to March 23, 1941, followed her transfer from the Presbyterian Hospital. 
On the day of admission the blood pressure was 150/106. During her stay of ton weeks 
the blood pressure did not varj- significantly from this level. In spite of the persistent 
hypertension, the headaches had diminished in frequency. There were no significant car- 
diac or urinary changes. On Fob. 17, 1941, an intravenous pyelogram shotved no abnormal 
changes. Pour days later the patient developed the signs of catarrhal jaundice which 
cleared after three weeks. The blood pressure did not fall during the period of jaundice. 

Her second rendmission was from Nov. 10 to 17, 1941, for the termination of a five 
and one-half month pregnancy. The operation was subsequently performed at Welfare 
Hospital. Blood pressure was 150/116 at this time. In the nine-month interval between 
this and the previous stay in the hospital, blood pressure ranged from 105 to 1S5 systolic 
and 110 to 120 diastolic. The urine contained ± albumin without cellular elements. Hyster- 
ectomy was followed by no significant changes in blood pressure. During the operation the 
spleen and left kidney were found to be firmly adherent to each other. Both organs were 
soft and appeared viable. Phenolsulfonphthalein tost on Nov. 17, 1941 . .cliowed OS per 
cent excretion in two hours. Kahn precipitation test was negative. 
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Tlie third readmissiou 'wa*' from March 36 to April 2, 1042. For three months before 
she had had nocturia three to four limes nightly and intractable headaches. Bed rest mbs 
associated with disappearance of the headache. Urine function tests Mere normal accord- 
ing to phenolsulfonphthalein excretion of .00 per cent in tMo hours; urine specific graxity 
svas 1.02S; albumin, 0; rod and Mhite blood cells and casts nogalixe; urea clearance mbs 
77 per cent of normal and blood urea nitrogen, S 7 mg. per cent. Blood pressure range 
Mas 150 to 180 sj!.tolic and 100 to 110 diastolic. 

This patient xias last seen on Xox. 30. 1044, approximately four xears after the opera- 
tion, Mhen her blood pressure Mas lOO/ltO. Headaches and exertional dyspnea xxere the 
dominant sjmptoms. Kxamination of the urine rexealed .'H albumin, two to three red blood 
colls pel high poMor field, and a r.ire granular cast. 'J'lie blood count, scdinientation rate, 
and nonprotoin nitrogen Mere normal. 

Biopvtj Speciment.. — There mbs no specimen of renal tissue. Honexer, the tissues of 
the uterus and of all the organs of the fetus, xxhich included heart, aorta, lungs, spleen, 
hxer, pancreas and gall bladder, adrenals, thyroid, testes, brain, pituitary, thxmus, and 
spinal cord shoM'ed no xascular alterations. 

In suniniarx, splenoienopexx nas performed on a xxoman of 24 year.s xxnth about nine 
months of obserxed hypertension Benal function tests Mere xxithin the normal range. 
For three xveehs after the operation the blood pressure Mils Mithin the normal range but 
this period Mas associated Mifh pulmoii.irx embobsm and infarction, hemothorax, and pneu- 
monia. Thereafter, the blood pressure returned to the preoperatixe lex el. In the past txvo 
of the four postoperatix e xears the lex el of the blood pressure has gradually risen bexond 
that of the preoperatix c period. • 

C.vSE 2 (Historx No. 2704) — E. E, a ,30 jcarold inained man, miis a xihite American, 
metal xxorker. He xxas ndmiited ifaich 10, 1941, and discharged March 14, 1941. His chief 
complaint xxas palpitation and sense of sufTociition for tixo years. Family history rexealed 
that the patient’s mother died of pulmonaiy tuberculosis at the age of 31 xears. Father 
and sister Mere Xxoll. 

Pcnonal Ht<itory. — The p.itient Mas born in Nexx York, N, Y, and has ahiays lixed 
there. He has been married eiglit .xears He drinks «ix cups of coffee daily and takes 
“nerxe” pills. In addition, the patient has consumed fairlx large amounts of alcohol for 
the past fixe xears. 

Past Health and Jllnrsi — He has tliiee to four tolds a xear. He had scarlet fever at 
9 years of age, ixithout sequelae .Sinusitis xxifh headaches was present for several years 

Illness at Time of Admts'tion — For three or lour xears he had been “nervous.” This 
Mas aggravated bx the loss of his ;ob Episodes of palpitation and suffocation xxere noted 
about one and one half jears before and in May, 1940, he was told by a doctor that he 
had an elevated blood pressure. For about txro .xears he had spots before his ex-es, blurred 
vision, and an inabihtx to read print. At Jfanhattan Eye and Ear Hospital he was told 
that he had optic neuritis 

Physical Examination — Temperature xxas 99.6° F.; pulse, 92; blood pressure, 170/120. 
The positive findings xxere as folloxxs: (1) The patient xxas a xxell developed but poorlj- nour 
ished, joung adult man, xxho did not appear ilk (2) The exc grounds rexealed poorly defined, 
hazj discs indicating optic atrophx (3) The aitenoles appeared normal. No c.xudate or 
hemorrhages xxere visible (4) Manx teeth xxere missing. (5) The heart xxas overaetive, but 
not enlarged. The aortic second sound ixas accentuated. 

Laboratory Finding '! — Roentgenogiani of the chest shoxxed a normal cardiac shadovx. 
Bed blood cells xxere 4,940,000, hemoglobin 99 per cent, xxhite blood cells 13,000, poljinorpho 
nuolears 65 per cent, Ij mphoex tes 26 per cent, monocytes 6 per cent, basoplules 1 per cent, and 
eosinophiles 2 per cent Blood glucose xxas 102 mg per cent, creatinine 1.2 mg., urea nitrogen 
12 mg. per cent, cholesterol 250 mg per cent, serum albumin 4.8 Gm. per cent, globulin 2.5 
Gm. per cent, nonprotem nitrogen 26 mg per cent. Urine: Specific gravity xxas 1.002 to 1.020, 
albumin 0 to ±, glucose 0, Addis counts. Bed blood cells less than 1,000,000, ixhite blood cells 
less than 1,000,000, easts less than 30,000. Blood IVassermann xxas negative 
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Course . — The second admission was March 20 to May 24, 1041 . Blood pressure during 
the following nine weeks of bed rest varied between 135 to 170 systolic and 95 to 110 diastolic. 
Phenolsulfonphthalein excretion was 85 per cent in two hours. Urea clearance w’as 101 per 
cent of normal. Electrocardiogram on March 24, 1941, showed a well-marked left ventricular 
preponderance. Betrograde pyelogram, April 2, 1941, sliowed normal renal pelves. There 
was acute angulation between the right pelvis and ureter. Tliis procedure, repeated on 
May 14, 1941, revealed a normal right renal tract. Cold pressor test before the operation 
showed the blood pressure increase irom a base of 150/100 to 200/130 in one xninuto. The 
patient was transferred to the Presbyterian Hospital where a splenorenopexy wms per- 
formed by one of us (D. M. W.) and Dr. Whipple. Pneumonia developed on the fourth 
postoperative day and the wound was disrupted. This was closed under local anesthesia, 
and the fever and cough subsided with the administration of sulfadiazine. He was dis- 
charged from the Presbyterian Hospital on the twent 3 ''-ninth postoperative daj’. 

The third admission followed his discharge from the Presbj'tcrian Hospital and 
lasted onlj' one daj’, from June 24 to June 25, 1941. Blood pressure was 145/100. 

The fourth admission was Oct. 3 to Oct. 15, 1941. Blood pressure was 146/96. The 
urine showed a specific gravity of 1.017, albumin ±, and no cells or casts in the sediment. 
After a week he was discharged to return for the fifth admission on Oct. 29, 1941, when he . 
left tiie same day. The sixtli admission was April 15 to Maj' 21, 1942. There was a mini- 
mal ankle edema for about one week before admission, along with exertional dj'spnea. After 
one day of bed rest the edema disappeared. 'April 16, 1942, serum nonprotein nitrogen was 
28 mg. per cent, cholesterol 196, serum albumin 4.4 6m. per cent, globulin 1.4 6m. per cent, 
phenolsulfonphthalein 80 per cent excretion in two hours, urea clearance 64 per cent of 
normal, urine albumin ±, with no cellular elements in the sediment. 

He has been seen on eleven occasions since his discharge, the latest examination having 
been on April 15, 1944. His pressure ranges between 140 to 170 systolic and 96 to 116 
diastolic. He is working again and his symptoms are similar to those experienced before the 
operation. 

Biopsy Specimens. — Maj- 26, 1941, the arterioles of the spleen and kidney showed intimal 
thickening due to the presence of an acidophilic hj-aline material. There were no proliferative 
lesions in the glomeruli, or changes in the basement membranes of the tufts. The tubules 
and interstitial tissue as well as the medium-sized arteries ivere unaltered. 

In summary, a splenorenopexy was performed on a .30-j'ear-old man who had had the 
signs and sj-mptoms of essential hj-pertension for about two years. Tlie renal changes as 
observed in the biops.y were consistent with this diagnosis. There was no lowering of the 
blood pressure for tw-o years and ten mouths after the pe.xis was made. For a short time 
there was some relief from his presenting sj-mptoms of palpitation and dj’spnea. 

Ca.se S (History No. 129S0S). E. K. was a white, American, housewife, aged 32 j'ears. 
She was admitted March 12, 1941, and diseliarged Juty 15, 1941. 

Her chief complaints were daily headaches and a known high blood pressure for five 
months. Family history revealed that her mother liad died at 42 years of ago following a gall 
bladder operation; her father was killed in an accident; one sister liad high blood pres.surc, 
two sisters and three brothers were well. 

Personal JTistory.— She has alwa.vs lived in New York, N. Y. Her husband, to whom 
she has been married .sixteen years, was well, iliscarriagcs occurred at one, two, and five 
months, respectively, and she has no children. She gained seventy pounils during (lie two 
years before admission; upon entering the hospital her weight was 203 pound.'i. 

Pa. 1 t Health and lllnc.is . — Slie has colds two to three times a year, .Scarlet fever oc- 
curred at the ago of 7 years, without sequelae, diphtheria at the age'of 14, crysipidas at the 
age of 11. Various operations of the following nature were performed: tonsillectomy at the 
age of 32 yoar.s, appendectomy at the ago of 17, removal of Fallopian tube.s at (he age of IS. 
hysterectomy for fibroid at llie age of 25, drainage of left ear abscos-c at the age of 20, hernia 
repair at the ago of 27, repeat tonsillectomj- at the age of 30. 
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Illness a1 the Time of Jdynmion. — ^J'or Iwelvt* years she liud had opcipital licadachcs 
occurring every t%\o to tliree necks. Xervousness iiad keen present for five year.«. Ankle 
edema la“ting tuo neeks occurred in J9.36 and di'-appeared after one neck of tiijToid adminis- 
tration. Orthopnea of tno years’ duiation has required two pillows for comfort. .S'evere 
dyspnea from climbing one-half flight of stairs has been more sesrre with a recent gain of 
si.\ty-.se\en pounds'. In 19,18 the blood pressure range was .s:iid to be 118 to 210 systolic 
and 70 to 78 diastolic. In 19.19, it was ob.sened at 181/128. Blurred vi«ion was present for 
six months. Glasses improved her vision, lluring the last five months she had .six epista.\e«. 
Five months before admission there wa.s a sudden severe pain in the right eye associated with 
cccht-mosis of the right conjunctiva. Blood pressure at that lime was o;>o/170. 

Physical Examination . — Temperature was 0S.8" F.: puKe, .8.1; re.spiration, 20; blood 
pressure 236/152. The positive finding.s were a.s follows: (1) The patient was a very obese 
woman who was in no distress. (2) There was an increased amount of hair present on the 
chin, upper lip, forearm.?, and legs. (.1) The eye grounds revealed arterial narrowing with 
the “silver wire’’ light reflex, and small deposits of dark brown pigment imniediatcl.v 
lateral to both optic discs. (-1) The heart was not enlarged. There were midline and 
right lower quadrant postoperative scars. The ([uestion of Cushing’s syndrome was 
raised, but could not be substantiated. 

Lahoratory Findings . — Bed blood cells were 3,600,000, hemoglobin IH per cent, white 
blood cells 13,000, polymorphonuclears 6.1 per cent, lymphocytes 2-t per cent, monocytes 10 
per cent, basophiles 1 per cent, eosinophilcs 2 per cent. Urine: Specific gravity was 1.010 
to 1.026; albumin, 0 to ±; sugar, 0; rare red and white blood cells, Addis count.*: Bed blood 
cells usually le«s than 1,000,000, white blood cells less than 1,000,000, casts lo.ss than 30,000. 
Blood glucose 93 mgm. per cent, urea nitrogen 1.7.3 mg. per cent, chole.sterol 292 mg., 
serum albumin 4.S Gm. per cent, globulin 2.3 Gm.. phenolsulfonphthalcin c.xcrction 90 
per cent in two hours, basal metabolic rate +1, .seium calcium 9.7 mg. per cent, phosphorus 
3.8 mg. per cent, phosphatase 3.6 Bodansky units, urea clearance 106 per cent of normal. 
Electrocardiogram: Diphasic T in Lead I with moderate .shirring of QB.S comple.x in the first 
three leads. Koentgenograms of skull and <ella tursica, cliesf, and abdomen wore normal. 
Betrograde pyelograni- was normal. 

Course. — On a diet of 900 to 1,200 calories daily the patient’s weight declined to 163 
pounds during her stay of .seventeen wcck.s in the hospital. Blood pre.ssure varied from 145 
to 220 systolic and from 90 to 165 diastolic during the stay. The headaches appeared to be 
improved by the administration of benzedrine in 5 mg. doses. The injection of typhoid vac- 
cine intravenously had no influence on the blood pressure although it elevated the feniperature 
to a maximum of 103° F. for three days. .She w.as discharged to the Boosevelt Hospital, which 
she entered Sept. 19, 1941. A splonoreiiopcxy was performed by one of us (D. iM. W.) on 
Xov. 27, 1941. Although tlie blood pressure fell to 130/80 a few hours after the operation, 
it returned to 170/104 the next day. The temperature rose to 104.2° F. on the third day and 
returned to normal after twelve day.s. Blood piessure during the next three months varied 
from 140 to 190 systolic and 90 to 120 diastolic. There were no significant changes in the 
unne sediment, .Since operation the headaches have not been reduced. Blood pressure on 
Sept. 4, 1942, vvas 240/130. There was no follow up. 

Biopsy Specimens . — Biopsy of the kidney .showed intimal thickening of some of the 
afferent glomerular arterioles with a pink-staining hyaline substance. An occasional glomeru- 
lus had hyaline thickening of a poition of a loop. No adhesions, or crescent or epithelial pro- 
liferations were seen in the glomerular tufts. The convoluted tubules contained a granular 
precipitate although the lining epithelial cells were unaltered. The spleen showed hyaline 
thickening of the intima of the arterioles. The medium-sized arteries were unaltered. 

In summary, the patient was a woman of 32 yeais, with a liistory of many operations. 
Hypertension was discovered about one year befoic splenoreiiopexy. Biopsy of the kidney was 
characteristic of early arteriolar sclerosis. For one year following splenorenope.x.v there was 
no decrease in blood pressure oi relief from other symptoms. 
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DISCUSSION 

There have been reports of nnsuecessful attempts to lower the blood pres- 
sure of patients with hj'pertensioii by fusing the omentum and kidney.® In 
the dog, omentorenopexy was also without permanent etfeet on the hyperten- 
sion following renal ischemia resulting from bilateral constriction of the renal 
arteries.® The temporary effect of omentorenopexy on the hypertension of 
dogs with renal ischemia contrasts ivith the permanent effect of splenoreno- 
pexy which lowers the blood pressure in such hypertensive dogs. The differ- 
ence observed between the two operations in dogs is probably due to the 
greater collateral circulation produced by splenorenopexy than by omento- 
renopexy, since the tissue of the spleen is much more vascular than that of the 
omentum. 

There is good evidence of “e.ssentiar’ hypertension in two of the three 
patients on whom the splenorenopexy Avas performed. This evidence rests not 
only on the elinieal and }ahorato2\v data but also on the charaeteristic arteriolar 
thickening of the kidney vessels observed in the biopsies. Failure to lower the 
hypertension by splenorenopexy in the.se patients suggests seAmral possible 
explanations, none of which can be proved at present. The pexis may not have 
produced a collateral circulation between the spleen and kidney. However, 
the operation in man was identical with that performed in the dog. The 
amount of renal and splenic parenchyma apposed by the operation in man was 
comparable to that in the dog. Whether a collateral circulation between the 
spleen and kidney was functioning in these patients can be proved only by 
remoA'al and examination of the fused organs. 


CONCLUSION 


Splenorenopexy Avhich had resulted in a lowering of the blood pressure to 
normal in hypertensive dogs with bilateral constriction of the renal arteries 
had no significant effect on the blood pressure of three patients Avith “essen- 
tial" hypertension. 
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to the upper portion of the right kidney. Quite a mimber of iirteric,“ and veins of 'ft'ider 
and smaller caliber u'Cre proceeding to tliis growth which, no doubt, belonged to the adrenal. 
The vessels were carefully ligated without any considerable hemorrhage occurring. ’R’hilc 
the tumor was easily detached from tite kidney, its upper pole presented a few stronger 
udliesions to the diapliragm which liad to lie di.sseeled off partly by siiarp, partly by blunt, 
instruments. 

On the whole, the tumor wa.s .“haiply outlined and could be removed in toto in its 
capsule. All hiycrs were then idoscd and a nibber drain introduced and left in place for 
twenty-four hours. 

At the beginning of the oiieration tiie blood pre.'.siire was 140/P0. Manijmlations on 
the tumor in situ eaused an incrca.se in the .systolic blood {>rossure to .'100. Immediately 
after the operation it dropjiod to lOo. After intravenou.s injection of nig. of epinephrine, 
the systolic blood prc.ssiirc ro.se again to .'lOO. This rise, however, lasted Init a few minute.s 
and was followed by another droji to (to/O. the jmtient now being in a .state of shock. Dur- 
ing the following two days, an intravenous drip of saline .solution containing G mg. adrena- 
lin in all was given, in addition to intramuscular injections of adrenal corte.v e.vlract 
(supraeort 9 c.e.). After three to four hours, the blood ]iressure increased to 20.3/75 and 
could bo maintained at that level. 



I 
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Fig. 1 . 

Pathologic Examination of the Tumor . — The specimen was a round tissue mass weigh- 
ing 95 Gm. and mcasui-ing G by 5.5 by 4 cm. in diameter (Fig. 1). The mass was of a 
rubberlike consistency. Cut surfaces showed a moi.st tissue which was of a greyish-brown 
or cyanotic-reddish color. Undenieath the fibrous capsule there were several islets of 
brightly yellowish cortical tissue. 

Microscopy . — Reetions from tlie central ma.ss of the tumor were composed of epithelium- 
like cells, approximately the .size of liver cells. They formed solid nests within a stronin 
consisting almost entirely of di.«crete fibrous .septa or narrow blood capillaries (Dig- 2). 
In some areas the capillaries displayed sinusoid dilatation which sometimes occupied a 
larger portion of the tissue than the cellular component. Adjacent to wider capillaries the 
tumor cells were elongated and presented a radial arrangement converging toward the 
capillary lumen. The nuclei were clear, vesicular, and surrounded by a dark nuclear mem- 
brane. Barely, single giant nuclei were seen or largei- cells containing two to six nuclei of 
the described type. On staining, the cytoplasm was moderately eosinophilic. After fixa- 








After his discliurgc from tlie hospitui tlie patient was examined at frequent interva 
up to the date of the writing of this report (July 12, 1945). Clinical, ophthalmoscopic, an 
laboratory findings during that seven months’ period were a.s following; The patient 
general condition improved markedly, his appetite was better, he gained in weight, an 
felt physically fitter. Not a single paroxysm of the type described had occurred sim 
the operation. Tachycardia and per.spiration* di.sappeared. The blood pressure, taken c 
many occasions, varied between i;i0/9n and 120/.95. The gallop rhythm as well as tl 
systolic murmur had disappeared. 

The electrocardiogram wliich, prior to the operation, had shown diphasic T waves i 
all lead.s with lowered S-T, and S-T. .showed (on July 12, 1945) the same pattern in Lead 
while in Lead 11 S-T was only sliglitly lowered. In Lead 111, S-T wa.s isoelectric ar 
tliore was a positive T wave. 

The x-ray of tiic heart which, prior to the operation, had shown, enlargement esp 
cially to the left, with a.s.suciafcd enlargement of the great blood ve.s.sels, did not .«iio 
any appreciable change after the operation, 

•The cliemical examination w.as performed l.y Dr. G. Brueckmann of the Section 
I'liarmacoloRv, Department of Applied J'hy.siolosy, Hebrew University. 

tTho normal adrenaline content per Kraiii of adrenal medulla (wet) i.s eiven ns abo 
O.-l uiK. (Hclt nn<i iij» to ilO of lulrcnulln^j per pnin) of tumor lisMuo hu’ 

also been reported. 
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Eye Fundus . — As early as ten days after the operation, papilledema showed signs of 
regression and the large retinal hemorrhage began to be absorbed. This improvement con- 
tinued and, on Fobruarj' 18, almost complete absorption had taken place. There was no 
change in the vascular findings. On May 13, papilledema had practically disappeared and 
there was no longer any evidence of hemorrliage in the retina. The blood vessels showed 
no improvement and the degenerative patches remained unclianged. The same findings were 
obtained on July 10, 1945. 

Laboratory Findings .- — Glycosuria and hyiierglycemia disappeared completel}' in the 
course of time, after the higliest blood sugar level recorded during paroxysm prior to the 
operation had been 304 mg. per cent, while between attacks it had dropped to as low as 
66 mg. per cent. After the operation, the fasting blood sugar level was within normal 
limits. The blood sugar tolerance curve also .showed normal values (February 25). The 
cholesterol content of the serum which, prior to operation, had amounted to 400 mg. per 
cent gradually came domi to roach a le^’cl of 253 mg. per cent on May 16 and 220 ntg. per 
cent on July 12. Albuminuria ^vhich, before the operation, had been of a marked degree, 
disappeared completel 3 '. The maximum specific gravity rose from 1023 before operation 
to 1028 on Jul}' 12. The urea clearance tost which, prior to the operation, had been in- 
dicative of a reduced kidney function (47 per cent) now, C montlis after operation, yielded 
normal values (72 per cent, standard clearance). 

COMMENT 

The eharaeteristic clinical manifestations of plieochromocytoina are par- 
oxysms of hypertension accompanied by headache, palpitations, perspiration, 
nausea, and occasional vomiting. These paroxysms, as a rule, occur in the 
morning usually after the patient has washed or shaved. In exceptional cases, 
the vascular changes may lead to persistent liypertension (Tltorn and Hindel') 
with severe involvement of the eyes, the lieart, the brain, and Iddneys, and 
the clinical sjuidrome of malignant hypertension maj' develop (Kremer® and 
our own ease). Some of the cases present paroxysmal h}’pergl3'cemia and 
glj'cosuria {Labbe and associates^). In our patient the h.vperglj’cemia and 
glycosuria w’hich were present sliowed no parallelism to the height of the blood 
pressure. 

The diagnosis of pheochromoci'toma can be verified bj- x-raj’S. Intra- 
venous and retrogi-ade pyelograms may show displacement of the kidney and 
distortion of the kidnej' pelvis and caliees. If tlie tumor is small it can onlj' 
be visualized by perirenal insufflation .(Cahilp), a procedure that is, however, 
occasionally followed by undesirable side-effects and, therefore, dangerous 
(MaeCullagh and EngeP®). In a review of the cases of pheoehromocj-toma 
published in the literature by Biskind, Mej^er, and Beadner” the results of 
the visualization methods are summarized in Table I. 

In our case, the plain picture and pj^elograms revealed no abnormal find- 
ings. Although tomography was tried, owing to lack of experience with this 


Table I 



NUMBER 

POSITIVE RESULTS 

OP CASES 

NEGATIVE results 

Plain picture 

3 

6 

Intravenous pyelography 

4 

7 

Eetrograde pyelography 

9 

4 

Perirenal insufflation 

4: 

1 
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new method, the tumor could not be ^dsualized and exploratory operation had 
to he resorted to. A careful study of the films aft&r the operation quite 
clearly disclosed the presence of a round shadow above the right kidney (see 
Fig. 3), showing the tomogram focused at a distance of 13 cm. from the back. 
(Note the round shadow in the right paravertebral subdiaphragmatic region.) 

From this experience it appears that the method may prove the surest 
and safest means of diagnosing a suprarenal tumor and should, therefore, be 
employed in similar cases. 

Among other diagnostic measures, manual pressure on the I’egion of the 
kidney may be tried, pressure on the affected side being likely to produce a 
typical paroxysm of hypertension (MacKenzie and McEaehern^^). 

Pharmacologic tests have also been devised as a means to diagnose a 
pheochromocytoma. Beer, King, and PrinzmetaP^ made determinations of the 
adrenaline level of the blood b}*- perfusing a rabbit’s ear and Strombeck and 
Hedberg'^ did the same by chemical methods. Although they reported hyper- 
adrenalinemia for their cases, the results are likel}’- to be inconstant (Biskind 



Pig. 3. 


aiid associates'^) and the procedure is not simple. Recently, a new test method 
has been described by Roth and Kvale,'* consisting in the intravenous injec- 
tion of 0.05 mg. of histamine which induces typical paroxysms of hypertension 
in patients with plieochromocytoma. The method is based on the fact that the 
denervated cat’s pupil is dilated by histamine only in the presence of the 
adrenal glands It is assumed that the injection of histamine causes an out- 
pouring of adrenaline from the adrenal medulla (Kellaway and Cowell, quoted 
by Roth and Kvale"). An excessively high potassium level in the serum of 
patients suffering fi'om pheocliromocytoma has been ascertained by JlacQuarrie 
(quoted by JIacKeith and MacKeilh"). Where all these methods fail to verify 
the diagnosis of pheochromocytoma, the clinical sjTuptomatology alone may be 
considered sufficient reason to justify an exploratory operation. In the case re- 



528 


Sl'KGKRV 


ported by Bauer and Lerielic,’" .similarly to our own, the iialicnt was first oper- 
ated upon on the wTong side. In ea.ses j’oported u])on by Binger and Craig,'® 
MacKenzie and MeEnchern,’" and ilaelveith and Macdvcitld” the tumor was also 
located by exploratory o])eration only, and succo.ssfully removed. 

Where conditions are unclear, as in the ease rei’erred to, Young’s method 
may be recommended, which enables exploration of the .su])rarenal regions on 
both sides from one and the same incision. 

The removal of the tumor is attended with the ri.slc of two serious com- 
plications. First, during tlie manipulations on the tumor, an excessive ri.se of 
the blood pres.surc may occur (Strombeck and Iledborg" and our own ca.se) 
which is only forestalled by oiicrating very carefully, without tearing of the 
capsule, and by di.sseeting the tumor as rapidly as possible. The second and 
far more dangerous risk attending the operation is a sudden and exce.s.sive 
drop of the blood pre.ssiire and shock after removal of the tumor. According 
to Biskind and his co-workers” shock occurred during or after the operation 
in eighteen out of a total of twenty-nine eases of ]>heochromocytoma .(very 
severe in fifteen and only .sliglit in three). In practically all ca.se.s in which 
death oecuiTcd during or after the operation it was apparently a result of 
.shock due to a .sudden decrease on the adrenaline level of the blood. The treat- 
ment, devised by Pinkoft's and Shipley'’ for this shock during or after opera- 
tion consists of administration of epinephrine. It may he given in an intra- 
venous drip of saline solution. The dose and the length of time during which 
admini.strations should be continued depends on the level of the blood pre.ssure. 

It has been pointed out (iMacKenzie and lifcEiichern”’) that the effect of 
epinephrine may wear off witii continuation of the treatment. Strombeck and 
Iledberg,''* Van Epps, Ilyndman, and Greene,-'' and ilaclveith"'' gave cortical 
hormone preparations and salt solutions willi good efl’cct. Prooperative treat- 
ment with salt and cortical hormone has also been recommended (Biskind and 
associates”). 

In our case, epinephrine was given as an addition to an intravenous drip 
of saline solution for one and onc-lialf days following the operation, the amount 
administered totaling 6 mg,, in addition to 9 c.e. of supracort. The blood pres- 
sure which, immediately after the operation had come down to the excessively 
low level of 65/0. was by this therapy kept within normal limits (105/75). 

rusiti.ts 

The results of this operation are reviewed by Biskind and his co-workers.” 
Including the case observed by tlie.se autliors, twenty-nine patients had been 
operated upon up to 1940. Bight more cases were added to this list by Jlae- 
Keith,'® including one of liis own. .Since Then, seven additional eases have been 
reported upon (MacCullagh and Engel,'® Thorn and Hindel,' Hj'man and 
Menclier,-' Tenneubaum," and KenyoiP^) so that the operation was perfomied 
on a total of forty-five patients witli pheochromoc.ytoma (including the one 
refeiTed to previously). Of these, ten died during or immediately after the 
operation. Tlie progress in operath’e technique as well as in the management 
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of the postoperative phase after operation for plieoelu'oinocjioina is seen from 
the fact that until the end of 1936, seven deaths occurred among nineteen 
operations, whereas of the twenty-one patients operated upon after 1936 no 
more than three died. After successful operation, recovery is usually complete. 

Malignant pheochromoeytoma with as.sociated hypertension is rare; one 
case was published by McKenna and Ilines."^ 

Ultimate recovery depends upon the reversibility of the changes the blood 
vessels have undergone as a result of hypertension. One of the striking fea- 
tures of this condition is the clinical recovery after the removal of the tumor 
even after tlie symptoms of pheochromoeytoma have been present for a con- 
siderable length of time. A remarkable regression of the manifestations has 
also been observed in the ease described here. 

SUMMARY 

A case of pheochromoeytoma is reported upon in which the paroxysms of 
hypertension had produced vascular changes characteristic of malignant hj'per- 
tension, resulting in heart failure, a distxu’bed kidney function, and the typical 
manifestation's of neuroretiiiopathy. Transient hyperglycemia and glycosuria 
were also observed. After operation on the left side liad failed to' produce 
results, the removal of the tumor which was on the right side caused distinct 
regression of the symptoms and manifestations ’ of tlie disease. 

The tumor was visualized hy iomography after an unsuccessful search on 
the left side. The importance of tomography for the diagno.sis and localization 
of adrenal tumors is pointed out. 


REFERENCES 


L Fnenkel, S.: Wien. wed. Bl. 19 : 211, 1890. 

2. V. Neu.sser, E. Not hwigel 's spezielle Pathoiogie und Theiapio, Vol. 18, Vienna, 1897. 

tViesel, J.: Wien. wed. Weimsclir. 57; (i74, 1907. 

4. Lai)I)e, M., Tinel, J., and Doumer; Bull, et wem. Soc. wed. d. hop. de Pav. 46 : 982, 
1922.' 


o. Pinoff, and Shipley, A. JI.: Tr. A. Am. Pliysicians 44: 29o, 1929. 

0. Belt, A. E. and PWell, T. O.: Surg. Gyn'ec. & Obst. 59: 9, 1934. 

7. Thorn, G. W. and Hindel, .1. A.; Ann. Int. Med. 21: 122, 1944. 

8. Kremer, D. N.: Arch. Int. Med. 57: 999. 1936. 

9. Cahill, G. P.: ,1. Uiol. 34: 238, 1935; Radiology 37: 533, 1941. 

10. MacCullagh, E. P. and Engel, tV.: Ann. Surg. lie; 61, 1942. 

11. Bit^kind, G. R., Me.ver, M. A., and Beadner, S. A.: J. Clin. Endocrinol. 1: 11.3 

12. JIaelvenzio, D. W. and McEaehern, D.: .T, Urol. 40: 467 19.38. ’ 

13. Beer, E., King, E. II., and Prinzmetal, M.: Ann. Surg.’ 106: 85 19.37. 

14. Strombeck, I. P. and Iledborg, T. P.: Acta. chir. Scandinav. 82:’ 177 1939 

15. Roth, G. M. and Kvalc, tV. F.; .T. Lab. & Clin. Mod. 30; 3(i6, 1945. ’ 

111. MaeKeith, R. and MacKeith: Brit. Heart J. 6; 1, 1944. 

17. Bauer, .1., and Leriche, 1!.; Prewe mod. 42: KS5S. 1934. 

IS. Bingor, M. W. and Ciaig, tV.; Proc. Staff Meet, Mavo Clin. 13; 17 193S 
19. Voung, ir. H.: Surg. Gyncc. & Obst. 63; 179. 1936. 

2fl. Van Epps, E'. E., Hyndman, O. R., and Gieene, .1. A.; Arch. Int Med 65- IWl 

21. Hyman, A. and Menchcr, W. H.: J. Urol. 49: 755, 1943. * ’ ’ 

22. Tennenhaum, ,1. L.: .1. Urol. 49; 77.3, 1943 (discussion=i). ' 

2.1. Koayou, H, R.: .1, Urol. 49: 774, 1943 tdiscus*=ionzi), 

24. McKenna. C. M.. and Hines, L. E.; .1. Urol. 34: 03. 1935. 


1941. 


1940. 



SURGICAL OBSERVATIONS IN THE TROPICS 

D. Exgel, M.D., F.R.C.S. Ed., Dewsbuky, Exglaxd 
(From the Staindiffe County EospUal) 

D uring world War II, many surgeons without previous e.Kperienee in 
tropical conditions and diseases have had to face nc^Y problems. Having 
years ago, myself, gone tlirough similar difficulties, some of my o1)servations may 
be helpful to othei*s. 

It is not my intention to dwell only on surgical tropical diseases; they are 
described in textbooks. I shall confine myself chiefly to pointing out a few 
diagnostic difficulties as they present themselves in connection with tropical or 
nontropical diseases under tropical conditions, and shall report also on a few 
original observations. 

An interesting disease which can be very puzzling to surgeon and jfiiysician 
alike, if not conversant with tropical diseases, is sprue. The diarrhea associated 
with cachexia may be attributed to a colonic tumor or a chronic dysentery. The 
copious, frothy, acholic, fatty stools without slime and blood should lead to the 
right diagnosis. A tumor of the pancreas can he ])ractically excluded by the 
absence of jaundice. I observed a ease of sprue diagnosed as Grave’s disease 
by a very experienced surgeon. The rapid pulse was caused by secondary 
anemia. A thyroidectomy nearly cost the patient her life. A single inspection 
of the stool cleared the diagnosis. The pei-sonal inspection of the stool in the 
bedpan and not in the bottle, in all diseases of the gastrointestinal tract, cannot 
be overemphasized. 

In my experience I have found that sprue reads to pancreatin treatment 
promptly and better than to any other therapy. It is my conviction, in spite of 
negative post-mortem findings, that the pancreas plays an important part in the 
pathology of sprue, a view which is contrary to orthodox opinion. 

A very disturbing factor in surgical diagnostics in the tropics is dysentery. 
An example of this is illustrated in Case 1. 

Case 1. — A woman, 30 years of age, who was seen one night, gave a history of sudden 
abdominal pain with vomiting. Slie had no stool for two days, and normal, regular stools 
before. Temperature was 103° F., leucocyte count 25,000. There was. definite guarding and 
sensitivity in the right iliac fossa; Eovsing’s sign was positive. Diagnosis was acute ap- 
pendicitis. Immediate operation showed that the appendix, cecum, gall bladder, and genital 
organs were normal. The case was puzzling until the next morning, when the patient had 
twenty to twenty-five typical dysenteric stools with slime and blood. Culture of stool showed 
Shiga-Kruse bacilli. The patient made a perfect recovery in spite of the operation. 

The error in this ease was comprehensible. No diagnosis of dj’^sentery could 
be made in a patient with no previous history of diarrhea and with normal 
stool. The localizing signs wei-e manifestations of an acute inflanunatoi'y process 
of the cecum, which could hardly be distinguished from those of the appendix. 

Received for publication. Aug. 17, 1945. 
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While Case 1 shows that clj’-sentery may make ils appearance first in the 
ileocecal region, Case 2 reveals that dysentery may disappear from the colon 
while persisting in the appendix. 

Case 2.~A woman was treated during three weeks for dysentery of the Fiexner type. 
She appeared completely recovered and returned to work, when suddenly, two weeks after 
recover)', she developed typical signs of an acute appendicitis. At operation an acutely in- 
flamed appendix with serou.s exudate was found. Examination showed a perfectly normal 
mucosa of the ileocecal' junction and the adjacent distal 5 mm. of the appendix, while the 
whole distal mucosa showed signs of a pseudomembranous inflammation, typical of dysentery 
(crimson red base and dark olive green mncosul ridge.s). Bactcriologie examination showed 
Plexner bacilli on culture. 

One of my most serious blunders was an unrecognized intussusception, de- 
scribed in Case 3. 

Case 3. — A child 3 months of age had a history of three to four slimy bloody stools a 
day. Dealing constantly with dysentery in the tropics, one is tempted to think of the obvious. 
Finding no signs of obstruction, dysentery was diagnosed and treatment rendered accordingly. 
Only after two days, when the child started vomiting and developed signs of obstruction, 
did it become clear that there was an intussusception. By that time, the general condition of 
the child had become so poor that an operation appeared futile. 

Even today, in full knowledge of Case 3, •! should sometimes find difficulty 
in making the differential diagnosis between .dysentery and intussusception 
under tropical conditions. The facts that the intussusception is frequently not 
palpable and that dj'sentery itself may produce intussusception make discrimina- 
tion the more difficult. 

One frequently hears that chronic appendicitis is commoner in the tropics 
than in Europe. The reason given is the frequency of amebic dj'sentery. In 
my experience, I have found that chronic appendicitis is hardly more frequent 
in the tropics than in temperate climate. 

The diagnostic difficulties caused by amebic dysentery were described re- 
cently by Morgan.® The differential diagnosis between chronic amebic dysentery, 
diverticulitis, and colonic cancer is often extremely puzzling, especially in 
view of the fact that the presence of one of them does not exclude the others. 
Sigmoidoscopy, bactcriologie examination, and x-ray examination will often, but 
not always, clarify the situation. 

Another infectious disease which fj-equently offers difficulties to the sur- 
geon is Ujphoid. (Although it is not an exclusively tropical disease, it is much 
more common in the Tropics tlian in Europe.) I have often had the oppor- 
tunity of observing an alarming sign which I have not seen mentioned in text- 
books and which can be very misleading. In the second or third week of the 
disease, patients suddenly develop very violent pain, with guarding, in the left 
hypoeliondrinm. This may easily he taken for a perforated typhoid ulcer or 
a splenic abscess, and a decision to operate in the usually poor general 
stale of the patient may prove fatal. ■ I have never actualiy operated for 
this complication, but seriously considered the necessity. It niy strong convic- 
tion that this acute pain i.s due to ovci-st retching of the .s{)lenie eap.sule duo to 
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acute splenic enlai-geincnt. It is probably the rate of enlargement that de- 
termines the sudden pain. It lasts one to Ihi'cc days and recedes gradually. I 
have also seen it repeatedly, during an attack of malaria. It goes ■without 
saying that once the cause of the pain is recognized, surgical interference .should 
be avoided. 

Another surgical complication of typhoid that I did not find mentioned in 
the literature, and which 1 observed twice in Chinese children suffering from 
veiy severe typhoid, is the partial or comi)lete ncci-osis of the scrotum. The 
tc.sticles become completely cxpo.sed. In both these children the general condition 
was so poor that surgical inleiTercnce was conti’aindicated, but I can imagine 
that under more favorable circum.slances a tem]iorary transplantation of the 
testes into the abdominal wall with later view of plastic operation should be 
considered. The cause of the necrosis is ])rohably embolism or an endarteritis, 
'ded by poor circulation. 

■* ,Aciinomycos{<; plays a more important part in the pathology of abdominal 
ad general surgery in some parts of the Far East. Ja])an for example, than in 
'Europe. During my visit to the Kyoto Surgical University Clinic I .saw two or 
throe patients willi abdominal actinomycosis in one ward. The possibility of 
actinomyco.sis .should he borne in mind in long-.standing hard infiltrations of the 
abdomen, especially those of the ileocecal region. ^Multiple sinus formations 
with the tyi)ical druses make the diagnosis obvious. 

The gastric form of malanu with epigastric pain, vomiting, and oeea.sional 
icterus can be very deceptive and mistaken for an acute cholecystitis, ap- 
pendicitis, or obstruction. The history of I'ccurrcnt rigors and fever, the large 
.spleen, and blood examination will lead one into light channels if the possibility 
of these apparently surgical manifestations of malaria arc remembered. 

A question which, so far, is moi’c of theoretical than practical .significance is 
the ctiologic relation of Buerger’s disease to typhus. It was found (Goodman'*) 
that in a very high percentage of patients affected by Buerger's disease, the Weil- 
Felix reaction was positive, and that most of tliese patients went through a 
typhus infection previously, hence, the high incidence of Buerger’s disease 
among Polish Jews, etc. It will be of interest to .see whether the infestation with 
t}*phus of the vast population of Italy, previously free of this infection, will 
.show an increased incidence of Buerger’s disease. 

A very marked exophthalmus is another complication of typhus. It occurs 
in vei-y severe cases only. It is rare and can be misleading. I saw several such 
complications during World War I in Kumania. I do not know whether this 
exophthalmus regresses later or is of a permanent nature. It is important tiiat 
it should not be attributed to hyperthyroidism and should not be treated 
.surgically. The cause of this sign in typhus is probably that the sympathetic 
nervous system is gi’ossly affected by the infection, as shown by Abrikossoff.' 

An interesting disease which is practically unknown in Europe but common 
in the Far East is myositis purutenta. It may be instructive to de.scribe my 
first experience with it (Case 4). 
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Case 4.—A young man 20 years of age was brought into a Chinese Hospital with what 
was consiaered to bo a tuberculous psoas abscess. It was of immense size, indolent, and 
caused only a small rise of temperature. Although the primary focus could not be found, 
the diagnosis appeared certain and an assistant was reprimanded for incising the abscess. Sur- 
prisingly, the abscess, which contained several pints of creamy pus, healed completely in two 
weeks without leaving any sinus. 


Soon after tliis, I saw another large abscess of the abdominal wall, tracing 
down the rectus, which I took again for a cold abscess originating from the ribs, 
Jfy assistant again opened it without consulting me and again proved to be 
correct." Microscopic examination of tlie pus showed stapbjdococci. I realized 
then that these “cold abscesses” were something new to me and started collecting 
my observations, when similar cases were published by Osawa® in Osaka. He 
found that these abscesses develop in individuals suffering or having suffered 
from beriberi. On re-examining my material, I could confirm bis observation in 
several, although not all, of my patients. They showed signs of peripheral 
neuritis (anesthesia, paresis) and dilatation of the right heart. Thus, the 
mj-ositis purulenta is an avitaminosis B. Muscle wliich normally is resistant be- 
comes liable to Staphylococcus aureus and albus infection. Osawa succeeded in 
producing muscular abscesses by injecting staphylococci intravenously into 
pigeons and rabbits fed on vitamin B-free diet. 

The knowledge of this disease seems to me of great theoretical and practical 
interest. I should not be surprised if myositis purulenta appeared also in the 
underfed European population during or after World War II. These abscesses 
must be incised like any other nontuhercnlous abscesses and vitamin B must 
be given. 

Leeham-Green and Winston® described this disease recently in Africa with- 
out, however, referring to its etiology. Myositis purulenta observed by me is 
probably identical with the tropical pj'-omyositis reported by Manson-Bahr."* 

A technical advice which I missed in textbooks concerns the treatment of 
elepha^itiasis due to filariasis. The skin of elephantiasie legs and scrota is 
usually extremely hard and thick. If the .skin is excised in this state the results 
are very unsatisfactory because too little of the infiltrated skin can be exei.sed to 
make a marked difference and also the healing conditions of the thick skin are 
poor. The patient, should, therefore, be put to bed and his bandaged legs 
elevated for one or two weeks. It is surprising to see then how much of the 
thickening was duo not to fibrosis but to accumulation of lymphatic fluid. The 
skin becomes more supple and hangs in large folds. One should then proceed 
with the operation. The method of choice is that of Payr-Kondoleon, which con- 
sists of excision of the excess skin and underlying fascia. The results so obtained 
arc satisfactory. 

The criminal injuries of a countiw often reflect the local customs, morals 
and living conditions and are, therefore, of interest from different angles. In 
Celebes I was told that liver and other abdominal injuries are extremely fre- 
quent. Tlie reason for this is that people live in light bamboo house.s, built off 
the ground on poles and, therefore, the vengeful neighbor can easily discover 
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SCKGKnY 


Taelf. I 


cask 

NO. 

-VGE 

(YK.) 

TIME 

l.STEUV.VI, 

(nn.j 

CONDITIOJC OS 

■SHOCK 

AXESTllESIV 

OKATilS 

1 


O 

Poor, comnto-e; dilated 
fixed pupil- 

None, B.p. 
124/SS 

I^ocai 

procaine 

4S hr. 
P.O. 

o 

r.4 

7 

Gon-ciou-; as-wiatcd 
injurie- of ebe-t and 
extremitie- 

None, B.T’. 
irm/of) 

Ga- 
oxv gen- 
etber 
endo- 
trachral 



20 

n 

Poor, <omat<i-i>; de 
cerebrate ngiditv 

None, B.P. 

140/S4 

Wal 

profainf* 

Cl wk. 

P.O. 

4 

7 

12 

Poor, comato-e; 
riievne Stoke- 
re-jiiration 

None. B.P. 
l2n/.qo 

yirocainc 

24 hr. 
P.O. 

•1 



I’oor. eomato-c; 

Clieyne Stoke- 
ro-pirntion 

None, B.P. 
BTO/sS 

Bocal 

jirocaine 

10 hr. 
P.O. 

a 

H> 

o 

Poor, roniato-e; gun- 
-hot wound, perfora 
tion of -kull 

None, B.P. 

i 2 s/ao 

Lot-Ill 

procaine 

IS hr. 

P.O. 

fixed pupib 

:. both 

of equal 

-170, and a right .-ided b< 

■mijilegiii. On 

removing the 

dre--ing a 


l.irfie amount of « crt'bral ti-'-ue \mi‘ foun<l ineorporatoi] in tbo frrinra ami rnoro iMi'- licmiating. 
The nii‘==il(’. a rifle Inillol, lied perforated the vkuU jjoinfi from the right tcmponil through 
the left parietal hone-. X-r!i\ reteale*! a bur-ting t^)K‘ of fraeture, involving the right 
temporal and left jiarietal bone- aejO'=- the iiiidline. ]le was enn-idered nontran^j'ortable 
and prepared for surgery. Prooperatuch, one unit of pla-ma and l.niKt c.e. of blood tvero 
giien. The ane-thesia u«ed ua*- UkuiI procaine -ujipleaiented nitli n.‘' Gni. of sodium pcntothal. 
The nound- of entrance and e\it were e\cd-ed and united aero=s the niidline by a linear 
inei'ion 14 em. long. The -hull v.a- e\ten-i\ol.' fnietured. seteral large fragments being 
lifted ana.r. Tliere uas great de'.truction of the dura and brtiin -ub^tanee. The longitudinal 
sinu- being setered neee=eiiated a complete ligation. Profu*ie bleeding was encountered from 
torn cortical vein* and -eteral branebe- of tbe right and left middle cerebral arteries. These 
bleeder- nere cnntrolleil b,i the u-e of cautery and -ilier dip-. Tiic niaeerafcd brain tissue 
rva- then resected bilatenillj. approximateU gOO Gni. of brain sub-tance being lost. The 
dura wa- left open since it- complete exposure nould have nece—itated removal of almo-t the 
entire calvarium. Tlie -calp \va- clo-ed in two lavers without drain-. 

Po=toperathel\. the patient did poorly and at no time did he recover consciousness. 
It was nec'Cs-ary to tube feed liini. Turabar puncture revealed no increa-e in pressure and the 
fluid was only -lightly blood tinged. He died on the second postoperative day. Po-t-mortem 
revealed generalired -oftening and liemorrhage-. 

The results indicate the inefiectivene.ss of surgery in this type of injury. 
In other words, if a patient has sustained a brain injury severe enough to make 
him nontraasportable. early surgery will not save his life. This experience 
further indicates that the field hospital is not the proper place for a neuro- 
surgical team to fiuiction. 

THE EV.VCVATIOS HOSPITAL 

The evacuation hospital is the place of choice for early definitive neurologic 
surgerj*. Sixty-one patients of the entire series were seen and operated upou 
in this tv-pe of hospital. 
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Table II 


NO. OF 

CASES 

.AVEP.AGB TI.ME 
lAG 

DEATHS 

PERCENTAGE 

DEATHS 

61 

19 hr. 

7 

11.4 


These sixty-one cases will be analyzed from the standpoint of lime interval, 
•ptimum conditions for surgeiw, anostliesia, procedures of clioiee, complications, 
md postoperative care. 

TIME EAG 

It had been thought that any wound more Ilian twelve hours old did not 
lend itself to primary closure. Table III indicates that the average time lag, 
that is the interval from wounding to oiieration, was beyond the twelve-hour 
period set down as safe for primary closure. Tlie wounds were primarily 
closed in all sixty-one patients regardless of -time lag. The patient with a 
seventy-six hour interval was treated in the same fashion as the one with only 
a two-hour interval. Thirty of these cases were followed to, and through, evacua- 
tion to the Zone of Interior. Of these Avounds, all primarily closed, only one 
Avas re-operated upon for infection in a base hospital. The tAvo other in- 
fections in this series developed Avdiile the patient Avas still in the CA'acuation 
hospital. Cultures in these Iavo eases shoAved the presence of gram-negative 
bacilli, probably of the colon group. These tAA'o Averc under routine penicillin 
therapy and they responded to open drainage of the Avound. 


Table III. Complications Among the Thirty Cases 


NUMBEP. 

OF 

CASES 

SHORTEST 

lAC 

LONGEST 

LAG 

average 

LAG 

INFEC- 

TIONS 

SULFONAMIDE 

ONLY 

PENICILLIN 

30 

2 Hr. 

70 Hr. 

20.3 

1 

h 

19 


EleA'en of these thirty patients Avere given sulfadiazine prophylactically, ' 
by mouth if conscious, intravenously and later by laA^age if comatose. In none 
of the group Avas sulfanilamide used locally to the brain. Nineteen received 
routine penicillin and no sulfadiazine; the dose of penicillin gu'en Avas 25,000 
units intramuscularly every three liours for four days. Eammelkamp and 
Keefer* have shoAvn that penicillin giA'en intravenously is not excreted in the 
normal cerebrospinal fluid. In spite of the questionable effectiveness of peni- 
cillin in cerebral injuries, the results Avere essentially the same, as in those 
AA'liere sulfadiazine AA^as used. 

Time lag and chemotherapy, although important, are not the deciding- 
factors in primary closure. Thorough radical debridement is the single most 
important factor in the preA-ention of infection. This is best illustrated by 
Case 7. 

CASE REPOKT 


Case A. putient a\iis seen twenty Iiours after injury. On admispion, ho was deeplA* 
Forontose, had a left hemiplegia, and a large ragged wound of the right parietal area. Hi's 
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pupils were equal and reacted to light. Surgery was performed under local procaine field 
block. The wound was excised and enlarged. The skull defect 2 cm. in diameter was enlarged 
to 0 cm., thus exposing normal dura with a central defect through which brain substance was 
herniating. A small extradural clot was evacuated. The tract in the brain was 10 cm. deep. 
All devitalized brain along the tract was excised and- an intracortical accumulation of blood 
was removed under direct vision. Four indriven bone fragments were removed. The foreign 
body was not visualized and vras left in place. The field was drj' and the brain pulsating 
normally on completion. The dura and scalp were closed in layers without drains. By 
the fourth postoperative daj' the patient had improved sufficiently for evacuation to the rear. 

FoUow-vp Note . — The patient was received at a station hospital and then sent to a gen- 
eral hospital. Here he was found to bo stuporous. The wound was bulging and lumbar punc- 
ture revealed marked increase of intracranial pressure. He was re-operated upon on the 
twelfth postoperative day and a small deep right temporal abscess in a small hematoma (sub- 
dural) was found and evacuated. Two months later he was evacuated to the Zone of Interior, 
having made excellent and rapid improvement. This patient received routine penicillin therapy 
(nonlocally). The infection was in a. hematoma which either was missed or had accumulated 
after surgery. In other words, the initial surgerj' had been inadequate and the presence of 
old blood provided the nutrient material for bacterial growth. 

It is felt that the time interval, although important, does not preclude 
definitive surgery and primaiy closure of the head wound. The local applica- 
tion of either sulfanilamide or penicillin is not essential. Therefore, adequate 
radical extirpation of all devitalized brain, accumulation of blood, and bone 
fragments is the answer to the prevention of infection. 

SHOCK 

In preparing the patient for surgery, the presence or absence of shock 
is the prime consideration. 

t.vble IV 


DEGREE OF 

SHOCK 

PRIOR TO 
AD:\assiox 

ON 

ADMISSION 

ASSOCIATED 

INJURIES 

DEATHS 

MUd 

16 

8 

3 

3 

Moderate to severe 

10 

1 

G 

2 

None 

35 

52 

18 

2 


Table lY is a compilation of the number of patients in shock prior to, 
and on admission to, the evacuation hospital. Tlie patient was considered to 
have mild shock if onlj” one or two units of plasma were needed to restore him. 
Those patients needing three or more units of plasma or blood were considered 
to have been in moderate to severe shock. Of the twenty-six patients treated 
for shock prior to admission, only nine exhibited any evidence of shock on admis- 
sion to the evacuation hospital. It is further noted, that of the ten patients 
considered to have been in moderate to severe shock, six had associated injuries 
to the abdomen, chest, or extremities. The shock associated with "Head injuries 
is due to blood loss and is comparatively mild. This form of shock is easily 
combated with plasma, blood, fluids, and warmth. Severe shock, as seen in 
patients with wounds other than the head, is rarely seen in uncomplicated cranial 
injuries. Severe head injuries exhibit signs of embarrassment related to the 
vital cerebral centers. These signs are hypertension, slow pulse, cyanosis, and 




TINSLEY: PENETRATING WOUNDS OF HEAD 
Table V 


53 


TYPE 

NUMBER 

TYPE PATIENT 

DEATHS 

Local procaine 

23 

Comatose or 
stuporous 

7 

Local procaine and 
sodium pentothal 

24 

Good condition 
and conscious 

0 

Gas oxygen ether 
endotracheal 

14 

Poor condition or 
face down 
position 

0 


rising temperature, and are usuallj' due to increased intracranial tension. Tli 
treatment is relief of the increased intracranial tension by surgery. 

ANESTHESIA 

The choice of anesthetic agent depends upon tiie patient’s condition an 
the length of time necessary for surgery. Table V indicates that the thn 
methods were fairly equally distributed. With patients who were eonseioi 
and in good condition, and the surgeiy took sixty minutes or less, local procaii 
supplemented by sodium pentothal was used. The amount of pentothal neede 
rarely exceeded 1.5 6m. The use of a general anesthetic in all conscious patien 
is to be preferred as the mental shock of a craniotomy is not to be underest 
mated. Patients have a tendency to magnify the extent of their cranial defe^ 
if conscious during the debridement of the skull. Endotracheal gas-oxygei 
ether is reserved for operations of long duration, or where the patient is fai 
down on the table. It is also used in those patients having respiratory difficult 
since it allows for an open clear airway and forced respirations may be easi 
instituted. Local procaine regional block was used in all comatose or stuporoi 
patients not falling in these two categories. Although it is true that loc 
procaine is safest, it not only is bad psychologically in the conscious patient bi 
also tends to limit the operator. If the patient is awake, the tendency to 1 
conservative in tlie surgical procedure is strong and adequate debridement 
not accomplished. 

SURGICAL PROCEDURE 

To discuss all varied procedures is not within the scope of this papE 
It is of great importance to provide adequate exposure not only of the ski 
defect but also of the brain injury. Tlie difficulties arising in debriding t 
brain and controlling bleeding stem primarily from inadequate visualizatic 

The first step is excision of the involved scalp and periosteal edges with exte 
sion of the wound to afford good exposure of the skull defect. The scalp bleedb 
can be controlled with a few clamps to the galea and placing of self-retaini 
retractors. In this series the tripod incision was not used. All Avere linear 
curved linear incisions. 

The involved dura and brain can be adequately exposed by enlargi 
the defect in the skull udth rongeurs. The usual Avound has indriA^en bone ai 
the brain is macerated and herniating. The herniation is due to indriven bo 
and intracortical bleeding. It is found that the presence of intracranial hj^pi 
tension increases the vascularity of all the structures above the brain. It 
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advisable to control this oozing -with cotton ]nicks and continue the surgery 
until the intracerebral pressure is reduced. This will result in complete control 
of all oozing and cut down tlic time .spent in attcmj)ting to control tlie l)leeding 
initially. 

Dural trimming should be minimal. In most instances the dura, although 
lacerated, is relatively clean. The debridement of the brain must be thorough 
and under direct vision wherever possible. Blind suction or manipulation is 
best avoided because any bleeding resulting from the procedures is not only 
difficult to control but increases the brain damage. Clean resection under direct 
vision, making use of lighted retractors, tend to lessen loss of functioning viable 
brain tissue. It is also best to avoid blind ])robing for the removal of metallic 
foreign bodies. If the foreign body is loo deep to be reached with lighted re- 
tractors, it is best left in place and the tract down to the foi-eign body resected. 
The use of the cautery should be minimal. In potentially contaminated wounds, 
all devitalized material left by cauterization tends to favor the growth of 
organisms. This is especially true when the scalp or periosteum is cauterized. 
The soft rubber catheter is of great value in localizing bone fragments and 
metallic foreign bodies and in aspiration of devitalized material of the brain. 
The introduction of fluid under pressure through the catheter is to be avoided, 
since it will result in the spread of the fluid and contaminated material into 
the interstices of the brain substance, thus adding insult to an already damaged 
brain. It is imperative that all indriven bone fragments, hair, and dirt be 
removed. The stereoscopic x-ray films are most valuable in the localization of 
bone fragments. Hei’e again the lighted retractors are indispensable aids in 
eliminating blind probing and ilhnninating all side pockets containing nests of 
bone fi’agments. The control of bleeding is made simple by visualization of the 
Ijleeding point. This is best done by applying gentle suction and bringing the 
bleeding vessel up for clip or cautery. In generalized oozing, if not due to con- 
tinued intracranial tension, a warm moist cotton pack will be effective. These 
warm packs are most effective if left in place for at least three minutes. A tom 
venous sinus lends itself to control if well exposed. The overlying bone should Ije 
removed rapidly and sufficiently to expose the entire tear. It can then be 
dealt with, either by ligation or the application of a small muscle .stamp. It 
is important to be bold in the control of hemorrhage, since less blood is lost 
and less damage produced if the bleeding point, or vessel, is directly attacked. 
Dural bleeding from beneath the bone edges can be controlled by one or more 
sutures from the dura to the periosteum, thus drawing the dura up to the 
overlying skull. 

If after adequate resection of the tract there is still intracranial ten.sion, 
an accumulation of blood should be looked for. This accumulation may be on 
the same and, not infrequently, the opposite side, or both. A case in point is 
Case 8. 

CASE REPORT 

g. A niaii, aged 23 years, was seen two hours after injury. On admission he was 

comatose with unequal pupils, the right being larger than the left and both fixed to light. 
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Tliere was a large ragged loft parietal wound with marked ccrchrnl hcrniafion. X-ray re- 
vealed a 2 cm. foreign body in the left paricto-oecipital lobe and marked stellate fracture 
of the left parietal bone. In addition, there were many superficially indriven bone fragments. 
Craniotomy was performed under local procaine field block. The brain wa.s found to be very 
tense and extradural and subdural blood was searched for but not found. The herniating 
brain and tract were resected and all indriven bone was removed. The foreign body was 
too deep to be visualized and left in place. The brain was still ten.«c when the wound 
was closed. Postoperativcly, the patient did poorly and in view of tiio dilated right pupil, 
lie u'as reoperated upon tlic next day. A right subdural hematoma of approximately SO c.c. 
was found. Wlien this licmatoxua was evacuated, the brain appeared to be under normal 
tension and nothing further was done. His condition did not improve and ho died on the 
third postoperative day. Post-mortem revealed that in addition to the former subdural lionm- 
toma, the right parietal lobe contained a large 50 c.c. intracortical hematoma, approximately 
2 cm. deep. 

Case 8 illustrates the hnportance of investigating for the presence of hema- 
tomas ill continued iiiti'aeranial tension. These hematomas may be extradural, 
snhdural, intracortical, or ventricular. In those cases where the foreign body 
crosses the midline, intraventricular hemorrhages are frequently the cause of 
death and they should he dealt with. Table VI illustrates the number of jia- 
tients ill this series with concomitant hematomas and their location. 


Table VI 


TOT.U, CASES 

IK SERIES 

SUBDUKAI/ 

EXTlUmiRAL 

SUBDURAL AND 
E.XTRADURAL 

INTRACORTICAL 

61 

S 

2 

2 

13 


In this series of .sixty-one eases there ivas a total of twentj'-five complicating 
hematomas, or a percentage of 41. 

The dura should he closed in all instances if at all possible. There are cases 
ivhere the destruction is so extensive that it would necessitate removal of most 
of the ealvarinm to place a patch. It was found that the periosteum in the opera- 
tive field usually sufficed. Having marked elasticity, a small piece can he 
stretched over a large defect in the dui’a. In only tivo cases ivas it necessary 
to obtain a piece of fascia lata for the repair. In the closure of the scalp, the 
prevention of tension is most important. The vascularity for which the scalp 
is noted facilitates excellent healing, if not interfered with. Tension results in 
a vascularity and the resultant breakdomi of tissue provides fertile ground for 
bacterial growth. Where there is marked destruction and loss of scalp, a sliding- 
scalp flap is the procedure of choice. The flap should be approximately three 
times the size of the scalp defect. On sliding the flap toward the dkect, a 
denuded area of periosteum is left. The size of the denuded area may be de- 
creased by bringing the unattached edges of scalp as closely together as possible 
and placing a row of sutures from the galea to periosteum. This maneuver 
tends to seal tlie denuded area fx-om the original -wound and to delineate the 
exudate that forms here. The exposed periosteum is then covered xvitli a 
Tlnox-sch graft from the thigh. 
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advisable to control this oozing with cotton packs and continue the surgery 
until the intracerebral pressure is rediiced. This will result in complete control 
of all oozing and cut down the time spent in attempting to control the bleeding 
initially. 

Dural trimming should be minimal. In most instances the dura, althougli 
lacerated, is relatively clean. The debindcment of the brain must be thorough 
and under direct vision wherever pos.siblc. Blind suction or manipulation is 
best avoided because any bleeding resulting from the procedures is not only 
difficult to control but increases the brain damage. Clean resection under direct 
vision, making use of lighted retractors, tend to lessen loss of functioning viable 
brain tissue. It is also be.st to avoid blind i)robing for the removal of metallic 
foreign bodies. If the foreign body is too deep to be reached with lighted re- 
tractors, it is best left in place and the tract down to the foreign body resected. 
The use of the eauteiy should be minimal. In potentially contaminated wounds, 
all devitalized material left by cauterization tends to favor the growth of 
organisms. This is especially true when the scalp or periosteum is cauterized. 
The soft rubber catheter is of great value in localizing bone fragments and 
metallic foreign bodies and in aspiration of devitalized material of the brain. 
The introduction of fluid under pressure through the eatheter is to be avoided, 
since it will result in the spread of the fluid and contaminated material info 
the interstices of the brain substance, thus adding insult to an already damaged 
brain. It is imperative that all indriven bone fragments, hair, and dirt be 
removed. The stereoscopic x-ray films are most valuable in the localization of 
bone fragments. Here again the lighted retractors are indispensable aids in 
eliminating blind probing and illuminating all side pockets containing nests of 
bone fragments. The control of bleeding is made simple by visualization of the 
bleeding point. This is be.st done by applying gentle .suction and bringing the 
bleeding vessel up for clip or cautery. In generalized oozing, if not due to con- 
tinued intracranial tension, a warm moist cotton pack will be effective. Tliesc 
warm packs are most effective if left in place for at least three minutes. A torn 
venous sinus lends itself to control if well exposed. The overlying bone should be 
removed rapidly and sufficiently to expose the entire tear. It can then l)e 
dealt with, either by ligation or the application of a small muscle .stamp. It 
is important to be bold in the control of hemorrhage, since less blood is lost 
and less damage produced if the bleeding point, or vessel, is directly attacked. 
Dural bleeding from beneath the bone edges can be controlled by one or more 
sutures from the dura to the periosteum, thus drawing the dura up to the 
overlying skull. 

If after adequate resection of the tract there is still intracranial tension, 
an accumulation of blood should be looked for. This accumulation may be on 
the same and, not infrequently, the opposite side, or both. A case in point is 
Case 8. 

CASE REPORT 

C.^SE S. — A man, aged 23 years, was seen two hours after injury. On admission lie was 
comatose with unequal pupils, the riglit being larger than the left and both fixed to light. 


WARTIME NEUROSURGICAL EXPERIENCES 


Lieutenant Colonel Walter G, Haynes, SIedical Corps, 
Army of the United States (Retired)*^ 


A n analysis and classification of 342 penetrating brain wounds has recently 
k been published.^ This was fuvtlier broken down into a report of 100 
ventricvilar wounds and again into 159 extensive brain wounds.*’ ^ The ex- 
perience and circumstance surrounding the compilation of Ibis series prompt 
this communication. The objective presentation of technique and results of 
wartime brain surgery does not permit generalization or editorial opinion. 
Such latitude may be allowed in a personal report of experiences. 

During the period described, in addition to operating upon some 400 pa- 
tients with penetrating brain wounds, it was necessary to care for and operate 
upon well over 100 penetrating skull wounds, or ordinary compound or de- 
pressed, skull fractures. Hundreds of simple scalp lacerations were repaired. 
Over 100 spinal cord wounds wei'e lamineetomized ; 62 brain abscesses and 31 
cerebral fungi were operated upon. Some 300 peripheral nerve lesions were 
repaired. This constitutes a surgical experience of over 1,100 surgical pro- 
cedures, most of which was accomplished from D day, June 6, 1944, to the 
cessation of the war with "Germany, May 8, 1945. 

The great majoritj’- of this was done in evacuation or field hospitals, at 
or near the front lines. Work on the beach lieads was done in clearing sta- 
tions and the later work, on abscesses and peripheral nerves, was done in a 
general hospital. 

The foregoing is submitted, in all humility, as an experience in which 
some of the wartime progress in the field of neurologic surgery was seen to 
unfold and is intended only as a basis for the propagation of observation. 

Previous Concepts and Early Neurosurgical Treatment. —The outbreak of 
World War II found the world’s neurosurgeons with nothing to add to Cush- 
ing’s methods of World War !."■ « The Spanish Civil War had not promul- 
gated any radical changes. The English contributions, from 1939 to 1941, 
in the form of their splendid attempt to furnish early, trained care by mobile 
neurosurgical teams, had resulted in some lowering of the mortality and mor- 
bidity. Ascroft’s series® of 292 penetrating brain wounds had emphasized some 
iong-known truths. It was found that neurosurgery must he early, primary, 
and definitive. This remained a cliche, however, and its tremendous impor- 
tance was not fully realized. 

The number of qualified neurologic surgeons in the world is small. There- 
fore, to allow good care, at the most important stage, well-grounded general 
surgeons, young, to withstand the rigors of the field, had to be trained in 
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neurosurgical principles. This was done iorthwith, and some of these men 
have made a notable record of achievement.^ 


Cushing’s experiences with 133 brain wounds in World War I left us 
with the concept of brain debridement, definitive surgery, and i^rimary, com- 
plete closure. His postoperative mortality was 37 per cent, largely due to 
infection. He turned bone flaps to better visualize the pathology, popularized 
the spider and tripod scalp inei.sion.s, relied upon a galeal elo.sure, and did not 
emphasize a dural closure. 

Specific Advances in Neurologic Surgery . — The improved re.sults of brain 
surgery in World War 11 can hardly be attributed to an improvement in tech- 
nical dexterity. It is felt, howevei', that the adjuncts of surgery have allowed 
us to venture into recesses of the brain hitherto forbidden, and have allowed 
procedures to be planned and earincd out successfully that formerly would 
have ended only in disaster. The electroeautery and portable suction machine, 
lighted brain retractors, fibrin foam, and penicillin contribute more than any 
other adjuncts. Anesthetic agents, silver clips, sulfonamide drugs, plasma, 
and suitable instruments all make their contiabutions. Our armamentarium, 
in the Mediterranean theater, was lamentable. As our knowledge of Avai- in- 
creased, so did our knowledge of military surgery and the necessary items 
were unhesitatingly supplied. Never, during the height of the ISuropean cam- 
paign, were we lacking in any necessary item. 

Brain wounds, in World War 11, have been classified as to prognosis, type, 
location, and treatment. Surgical adjuncts, not available to Cushing, have 
allowed the mortality i-ate to be reduced to 12 to 15 per cent. The infection 
rate has been reduced to 10 to 15 per cent. Only 4 to 7 per cent of patients 
with these infections die.' 


The fallacy of any scalp incision allowing pool’ blood supply to the tissue 
was borne out. Swinging or sliding scalp flaijs Avere found to be preferable. 
Skull defects are repaired wdth tantalum plates. Primary tight closure is a 
necessity, but the alisolute necessity for dural elo.sure is borne out when 
secondary operations are done at a later stage. Free periosteal, temporal 
fascia or fascia lata graft, or a sliding, attached pericranial gi'aft can be used 
to repair dural defects. Cadaver dural repairs have not been successful. 

Adequate resection of missile tract to healthy brain, including all bone 
fragments, is of vital importance. There is no alteimative to this dictum. A 
solitary bone chip may cause no troiible, but a cluster of three or four such 
chips is a focus around which an abscess may form. IMetallic foreign bodies 
are removed, if large and if accessible. Small or inaccessible fragments are 
left in situ (Fig. 1). 

Almost all of Cushing's patients with ventricular wounds died. This 
mortality was reduced during World War II, through a proper concept of 
pathology and necessary surgery, to less than 3Q per cent.= 


•Britradier Hugh Cairns, of the British Army, and our senior consultants of tlie Araer- 
ican Vrmy. Colonel Loyal Davis and Colonel R. Glenn Spurling, are deserv-ing ofh'Bh Praise 
for their attempts, unceasing, and in the face of supply and personnel shortages, to carrs out 
this single, all-important concept. 
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Recently, a sez’ies of three subdural hygromas has been reported.' Since 
that time an additional twelve have been operated upon, and, during this time 
at least, found to be as frequent as subdural hematomas. Indeed, preoperative 
diagnosis does not seem as obscure or difficult as formerly supposed. All 
twelve patients lived and made a complete recovery. 



iw 
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Fig. 2 — Removal of contralateral foreign body over vault with retrograde cleansing of mis- 
sile tract through brain. 



Several cases are recalled, memorable because of technical difficulty or extent 
of pathology. Successful removal, during a particularly heavy bombing, of a 
large foreign body in the midbrain occasioned some tension. The cleansing of 
a missile tract through the occiput, cerebellum, base, and posterior fossa, to the 
internal carotid artery in the middle fossa was followed by recovery with no 
neurologic deficit. 
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Eemoval of one entire mangled frontal lobe and the tip of the opposite 
lobe, associated Avith the relief of a physiologic transection of the spinal cord, 
by laminectomy, seemed useful. Leg motion returned to this patient and the 
brain Avound had caused little discernible defect. 

A completely blind soldier had a large, midline, occipital fungus. This 
Avas resected, only to the point Avhere distorted optic radiations were' alloAved 
to resume their function, and vision Avas restored, dramatically, Avhile the pa- 
tieirt Avas on the opei'ating table. 

It is firmly believed, and is the author’s single outstanding concept that 
Avartime neurologic surgery must be done very early, under seA'enty-tAvo 
hours certainly, and under tAvelve hours, if possible. It must be complete and 
definitive at this time and, also, it must be the best possible procedure, 
done by a qualified neurosurgeon. The golden opportunity, utilization of 
which saves lives and avoids infection, lies in the first operation. This can be, 
and usually Avas, done within the first tAventy-four hours and hundreds Avere 
done under tAvelve hours (Table I). Disposition of neurologic surgeons in 
evacuatioiA hospitals alloAved this. Mobile neurosurgeons, to operate on non- 
transportable patients in field hospitals, alloAved care for this group, already 
suffering from serious abdominal or chest Avounds. 


Table I. Infection Incidence a.s Determined by Time Lag Before Definitive Surgery* 


HOURS ELAPSED 

BEFORE SURGERY 

PATIENTS 

INFECTIONS 

% 

24 

205 

I 

% 

48 

38 

5 

14 

72 

36 

9 

25 

96 

12 

0 

45 

Over 96 

31 

25 

80 

Total 

382 

45 

13.9 

•Penetrating brain wounds 
and scalp infections. 

only. Infections 

consisted of abiscesses, 

fungi, meningitis, 


Almost every instance of incomplete operation Avas followed by infection. 
Almost every patient, Avherein the dura mater had not been closed, developed 
a fungus or an infection. 

Anesthesia . — The advance of the specialty of anesthesiology in World War 
II can liardly be spanned in a paragraph. The combination of sodium pentothal 
and local infiltration of procaine has proved a remarkably efficacious one. Endo- 
tracheal administration has solved many problems concerning combined maxillo- 
facial-cranial AVounds. Brachial blocks to alloAv peripheral nerve surgery and 
paravertebral sympathetic blocks in the treatment of causalgias constitute 
great progress. 

Penicillin and, Sulfonamides . — ^It is strongly felt that infections can be 
aborted early, Avith ease, by proper surgery and the local use of penicillin. It is 
equally strongly felt that if the surgery is incomplete or delayed, infections are 
ineAutable and, if once developed, their cure is difficult. 

Penicillin locally, prophjdactically, is of extreme value and must he 
credited Avith the loAvering of the infection incidence. There seems to be 
no other plausible explanation. It seems more effectiA'e than sulfonamides 
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when \ised locally.^ Therapeutically, the effect on cerebrospinal infection is 
dramatic, and, because of it, hitherto forbidden techniques are now possible. 

Penicillin- or sulfonamide-resistant strains, such as a gram-negative bacil- 
lus, may be made sensitive- to the sulfonamides bj" the use of urea. The addi- 
tion of this drug has shown promise. 

Intramuscular penicillin, while crossing the blood-brain barrier into the 
cerebrospinal fluid in small amounts, has no great effect on central nervous sys- 
tem infections. It may obviate .superficial seal]) infections and Cairns believes 
that central nervous system infections .start in this fashion. If so, then it is of 
value, administered bj' this means. If, hoAvever, a ventricular wound is sus- 
tained, or infection feared or present, direct instillation of liquid penicillin, 
full strength, into the cerebrospinal fluid or the ventricles, in large amounts 
(50,000 Oxford Units) gives dramatic results. Using it routinel}’’, the author has 
seen no sign of irritation, reaction, or epileptogenic tendencies, and can only 
.speak well of it. 

It is believed that sulfonamide.s, locally, ai-c of much less value than pre- 
viously thought. Their local u.se, however, prophylactically, at the time of 
iiiitial debridement of an extremity Avound, seems to alloAv that Avound to be 
secondaril 3 ’' closed in a shorter period and Avith safety. More important, it 
alloAvs that Avound to be i-eopcned earliei-, so that a peripheral nei-A-e injury 
may be repaired. Local use of SAilfonamides. secondai-y suture, and early 
proper repair of nerve lesions haAm afforded us the expectation of good results 
from peripheral nerve surgei-y. Of over 300 patients the author has operated 
upon for peripheral nerve lesions from three to six Aveeks after secondary 
closure, only three revealed residual infection. The pus, Avhile present, Avas 
sterile, and surgery proceeded as planned, Avith no subsequent breakdoAvn. 
This Avas felt to be due to local and sj'stemic use of sulfonamides and post- 
operative penicillin. 

Sphial Cord ^Younds. — Tlie results of early laminectomy in patients Avith 
spinal cord Avounds seemed encouraging, in contrast to the old dictum that none 
surA'ive. Despite clinical and roentgenogi-aphic evidence to the contrary, most 
spinal cords are anatomically intact, although physiologically severed. Lam- 
inectom 3 ^ then, may cause, and has in inci-easing number, a return of some 
function. Particularly is this true of cauda equina lesions. Laminectomy 
should be done at the first possible place in the chain of eAmeuation AA-here a 
qualified neurosurgeon and reasonable facilities exist. 

Many hemilaminectomies Avere done. This operation seemed suited 
for the removal of unilateral foreign bodies, unilateral spinal cord com- 
pression, or unilateral radiculitis. It seemed of pai'ticular A'alue in cerA'ical 
spinal cord Avounds. By the Avound’s A'ei-y lAature, no patient Avith a Avound 
of the cerAucal cord requiring a Avide laminectomy surviAmd. TAvehm cervical 
hemilaminectomies Avere done for partial cord lesions and radicular syndromes 
(Fig. 3). All of the patients liAmd and function, of Amrying degrees, returned. 

These controversial points, concerning spinal cord AVOunds, Avill be pre- 
sented in another communication. 



HAYNES: WARTUn: NEUROSUR(UCAE EXPERIENCES 


WO 


Peripheral Nerve Surgenj.—Poriphcnil nerve surgciy is included in Ihe 
responsibility of the neurologic surgeon. The number of these lesions is very 
large and the problems presented arc many. The results, however, arc now so 
encouraging that a new era in the treatnienl of nerve injuries can be envisaged. 

The result of suture of severed nerve ends has usually been di.sapiiointing. 
New adjuncts and a better understanding of pathology have changed this pic- 
ture to one of considered optimi.sm and now appioxiinatcly 90 per cent chance of 
regeneration can be expected. Severed nerve ends do not allow an accurate ap- 
proximation or estimation of nerve damage, in the acute stage. Three to six 
weeks, therefore, after the wound has been secondarily closed, the patient is re- 
operated upon and the nerve ends approximated with fine, nonreactive tantalum 
wii’e. The suture line and area of sear are protected hy a tantalum foil cuff, min- 
imizing tissue reaction. Under such ideal conditions, results are very promising. 
Nerve grafts have been disappointing and, in America at least, have fallen into 
disfavor. Plasma glue, to approximate nerve ends, has been used to advantage. 
The tantalum cuff, probably, is the biggest single factor in the success of this 
method of repair. 



Fig: 3.— Cervical cord wound caused by foreign body at left of sixth and seventh cer- 
vical V ertebrae. There vvas an artefact at the second cervical V'ertebra. Laminae of the 
sixth and seventh cervical veitebrae had been fractured and were compressinsTthe cord This 
vvas relieved by hemilaminectomy and removal of foreign body. Fun^ction retiirned. 


All important neiwe trunks liave been accessible and have been repaired, 
even clown to the digital nerves. The brachial plexus, from the cervical roots 
down, has been repaired with good results (Pig. 4). The lumbosacral plexus 
has remained, to the author at least, inaccessible. 

Combined nerve-bone lesions are being attacked intensively, keeping the 
thought paramount that an arm with no nerve function is no better than a 
prosthesis. Accordingly, orthopedic results are thought of as being secondary 
to nerve repair. Failure to approximate a radial nerve because of a large gap 
in substance is overcome by shortening the humerus. 
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Brain Wound Complications. — The treatment of complications of brain 
wounds has undergone a particularly spectacular change. J\leningitides have 
responded well to chemotherapy, although an occasional fulminating in- 
fection appeared sulfonamide- or penicillin-fast. No patient who had been 
adequately operated upon, early, who had undergone the precautions described, 
and who had received adequate penicillin and sulfonamide therapj' developed an 


A. 



TO.- 4 jI Repair of brachial plexus lesion, necessitating only neuroRsis, at level of 

roots above clavicle Note tantalum cuff B, Repair of brachial plexus at Ie\ el of clavicle, 
necessitating section of clavicle and neurorrhaphy Note tantalum around and under the 
plexus and wiring of clavicle 
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illfcctiou. The implication, then, is clear, that Ihis is the most iniporlaiit single 
step in the prevention of complications. 

Bi'ain abscesses, formerly one of neiu'osurgery’s most, jiressing problems, aie 
the subject of a new and daring approach. Despite an infected missile tract 
leading to the abscess, the entire ma.ss including the capsule of the abscess is 
resected or removed, in toto. This may be done with the loop cautery. Large 
amounts of penicillin, up to 100,000 units, arc instilled. The dura is closed 
tightly, the cranial defect plated, and the .scalp closed in layers. The results 
have been remarkable and the mortality has been in the vicinity of 5 to 10 per 
cent. Obviously, if there is no attempt at encapsulation, and the infection is a 
diffuse cerebritis rather than an actual abscess, the area is packed, according to 
the method of King,® and allowed to extrude. Judicious combination of these 
two methods may allow an even greater decrease in mortality. 

Cerebral fungus has also been attacked radically. These potentially in- 
fected, functionally dead masses of protruding cerebral tissue are resected 
with the loop cautery to healthy tissue. Penicillin is then instilled or in- 
sufflated and a tantalum plate is inserted to cover the cranial defect as well as 
to restrain the exuberant cerebral protrusion. Thus, the plate acts as a re-' 
straining dressing. No dural graft is necessary. Obviously, any pockets of 
infection are reseeted. The scalp is closed tightly. Increased intracranial 
pressure is controlled by judicious and I'epeated lumbar puncture. Thus, at 
one sitting, the problem of a large, fungating mass, usually requiring weeks 
or months of treatment and resulting in marked sear, is obviated. Suggested 
by Carmichael,® the procedure has been applied by all of us with excellent 
results. 

Cranioplasty, at a more distant echelon, is almost exclusively accomplished 
by tantalum plates. They are easy to apply, malleable, and nonreaetive. The 
result is excellent. Acrylic, while necessitating a first stage for the puz'pose 
of an impression, obtains an even better cosmetic result. 

Neurosurgical centers were set up in the Communication Zone, wfflere the 
secondary problems were handled. Complicating infections, bad results of 
primary surgery, cranioplasty, further postoperative care, and peripheral 
' nerve surgery were studied and carried out. Additional larger neurosurgical 
centers, in the Zone of the Interior, carried this program a step further. 

The specialty of neurologic surgery, in the history of war surgery, will 
not be exceeded in brilliance, attained results, and scientific technical advance- 
ment. The combination of superb training in the specialty, an abundance of 
materiel, judicious administration, daring technical advances, and surgical 
adjuncts such as penicillin, have contrived to write a neAv chapter. The knowl- 
edge derived from the unfortunate source of war may he gainfully applied to 
the demands of peacetime neurosurgery. 

SUMMARY 

1. Advancement of specialty of neurologic surgery in wartime is outlined. 

2. Snift evacuation, very early, primary, definitive, and complete .surgery 
is necessary to avoid later complications. 
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3. Reduction of mortality and morbidity rates from those of World War I 
is ascribed to new techniques, surgical adjuncts, and penicillin. 

4. Later complications, such as abscesses and fungi, amenable to radical 
new procedures, are feasible because of penicillin. 

5. Value of sulfonamides to allow early repair of peripheral nerve injuries 
is emphasized. 

6. IMore encouraging aspect of spinal cord wounds is noted. 
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ANAEROBIC INFECTION AND GANGRENE OF WAR WOUNDS IN 
CASUALTIES FROM THE PHILIPPINE ISLANDS 

Lieutenant Colonel IlERnEHT Conway, New York, N. Y., 

Medical Corps, Army of the United States 

T he purpose of this report is to present an analysis of cases in which 
anaerobic infection or gangrene occurred as a complication of ivar injuries. 
Experience with thirty-seven eases is the basis for the analysis. The cases were 
included in a group of 4,040 surgical battle casualties admitted consecutively 
to this general hospital during the campaign for the Philippine Islands. Follow- 
ing their early surgical treatment in forward echelons these patients were ad- 
mitted to this hospital five to twenty-one days after injury. Thus, the surgery 
of these casualties was concerned with the management of late complications. 
Anaerobic infection or gangrene complicated 0.9 per cent of the 4,040 surgical 
battle casualties. These have been reported upon elsewhere. 

The mere finding of pathogenic clostiadia in a wound is not of importance. 
Howevei”, it is of interest that Clostridium welchii was recovered from 13 per 
cent of all wound cultures. All wound discharges were cultured aerobically 
and anaerobically. The facilities w'cre not available for identification of all 
clqstridia. The detemiination of Cl. welcMi was made by the use of the classical 
test of “stormy fermentation” of milk. Positive reactions for Cl. loelchii were 
checked by two laboratories. The types and locations of wounds from which Cl. 
tvelcliii was recovered on culture are of interest. These are presented in Table I. 
These 175 wounds represent 3.9 per cent of 4,391 wounds in the sei’ies of 4,040 
casualties in w'hieh they are encountered. 

That pathogenic clostridia contaminate certain types and locations of 
wounds is brought out by Table I. In the over-all analysis of 4,040 casualties 
from which these cases are taken the fractures of the tibia and fibula made up 
only 13 per cent of all fractures. However, fractures of the tibia and fibula ac- 
counted for 33 per cent of those compound fractures which were contaminated 
with Cl.. welchii. Similarly, fractures of the femur, of the bones of the ankle and 
foot, and of the scapula were contaminated with Cl. tvelchii in a higher per- 
centage incidence than is indicated by tlie relative frequency of occurrence of 
these fractures. Wounds of the buttock comprised only 5 per cent of all soft 
ti.ssue wounds, while 56 per cent of those contaminated with Cl. welchii were 
M'ounds of the buttock. Seventy-five per cent of the wounds from which Cl. 
welchii was recovered were those in association with compound fractures. The 
thirty-seven patients in whom clinical gas infections or gangrene occurred con- 
stitute 0.91 per cent of the group of 4,040 battle casualties and 21 per cent of 
wounds contaminated with Cl. ivclcJiii. The incidence of true gas gangrene was 
0,33 per cent while anaerobic cellulitis occurred in 0.56 per cent of battle casual- 
ties. The eases have been classified clinically as shown in Table II. No strepto- 
coccal myositis was encountered. 


Received for publication, Oct. C. lSi5. 
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Table I. Wounds Contaminated With Cl. irdchii 


type 

NUMBER 

PER CENT 

Compound fracture 



Tibia and Irbula 

44 

33.3 

Femur 

32 

24.2 

Bones of ankle and foot 

20 

15.0 

Radius and ulna 

l.j 

11.3 

Scapula 

13 

9.8 

Bibs 

4 

3.0 

Femur and tibia (knee .ioint) 

3 

2.2 

Acromion 

1 

0.8 


132 

99.() 

Wounds of soft tissue 



Buttocks 

21 

.56.0 

Thigh 

4 

10.8 

Calf 

3 

8.1 

Axilla 

2 

5.4 

Foot 

o 

5.4 

Shoulder 

1 

2.7 

Arm 

1 

2.7 

Chest wall 

1 

2.7 

Abdomen 

1 

2.7 

Sacroiliac region 

1 

2.7 


37 

99.2 

AVounds of large bowel or rectum 

0 


Total 




Clostridial Mijositis . — Included in ihe group of patienls with clostridial my- 
ositis were eight in whom the gangi-eiie was limited to particular muscles or 
groups of muscles and six in whom all muscles of the extremity were involved 
in the spreading, necrotizing process. Primary injuries in these fourteen patients 
were as follows: compound fracture of the femur, 7 ; tibia and fibula, 5; scapula, 
1; soft tissue wound of thigh, 1. In contrast to the usual history of sudden 
onset of this disease within a few hours or days after injury, the lapse of time 
between injuiy and onset in this group averaged ten days. In all of these 
patients the casts were stained and smelly. In eight the complication was in 
evidence on first inspection of the patient. In six cases the onset followed the 
institution of skeletal traction. Twelve of the fourteen patients had been treated 
continuously with penicillin from the time of debridement until admission 
to this hospital. In twelve of the fourteen debridement had been done under 
six hours. In one-half of these the small incisions suggested that debridement 
may not have been adequate. In two cases there was no record that debride- 
ment had been done. The chain of symptoms and findings in these cases is as 
follows : acute onset, very severe toxemia, severe pain ,at the site of the injuiy 
and in the extremity distal to the point of injurj’^, restlessness, thirst, tachy- 
cardia, fever, marked swelling of the extremity, cadaveric pallor of the skin of 
the extremity, and serous exudate with or Avithout gas bubbles from the ivound. 


Table II. Anaerobic Infection and Gangrene of AVar AVounds 


NUMBER OF CASES 

Gas gangrene (clostridial myositis) 

14 

Anaerobic cellulitis 

23 

Total 

37 
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T]iere maj- be a bronzed tint to tlie skin of tlie face, upper chest, and arms. 
Crepitation of the tissues Avas present in six patients and absent in eiglit. Eoent- 
genogram showed gas in the tissues in four of the eiglit eases in which x-ray 
views had been taken. Peripheral pulses of the affected extremity Avei’c absent 
in six patients, Aveak in tAvo, and normal in six. 

Eight eases are classified as localized clostridial myositis. In these the 
hemorrhage and necrosis Avere limited to one or more muscles or group of muscles. 
Actually these Avere Aurulent infections in Avhich the disca.se’ Avas interrupted 
surgically liefore all muscles of the extremity Avere invoh'cd. At the time of 
operation the involved musculature Avas dark broAvn and noncontractile in four 
patients, altered by patchy necrosis and hemorrliage in four. In these patients 
the muscle became gangrenous by regional extension of anaerobic infection from 
a latent absce.ss in the tract of the missile. Operative therapy consisted of AA'ide 
incision and drainage combined Avitli excision of all of the gangrenous muscu- 
lature. In tAVO of the eight patients amputation Avas necessary. Intensive peni- 
cillin therapy Avas gwen after operation in aU cases. It had no apparent effect 
on the toxemia or upon the coiu’se of the fever. Gas gangrene antitoxin Avas 
giA^en to six patients after operation in doses of 10,000 units CA'^ery four hours. 
On the fourth day it Avas discontinued because of severe urticaria. One patient 
died in toxemia folloAving a long illness complicated by hemorrhage from the 
Avound and gangrenous cholecj^stitis. The other seven recovered folloAving 
radical excision of muscle groups. Case 1 is a report of a ease in Avhich 
localized clostridial myositis developed from an abscess. 

LOC.AL,IZED CLOSTRIDIAL MYOSITIS 

Case 1. — A private in an infantry reginient was wounded in action by enemy artillery 
fire Feb. 16, 1945. Initial treatment of the compound fracture of tlie right femur consisted of 
sulfadiazine by mouth and splinting of the extremity. The wound of entrance was at tlie 
trochanter of the femur. There was no wound of exit. Tlie patient was transported overland 
'and it was not until forty-eight hours after injury that debridement was done and a plaster 
hip spica was applied at a portable surgical hospital. On the fifth day after injury he was 
admitted to this hosptial. The patient appeared to be greatly weakened. Temperature was 
101° F. and pulse rate 96. Bed blood cells were 2 million, hemoglobin 40 per cent, and white 
blood cells 20,000. A window was cut in the cast over the wound of the right subtrochanteric 
region. Dark brown, foul-smelling pus drained from the wound. Penicillin therapy was 
started at once. Because of the fever, the anemia, and the foul drainage, the cast was removed 
on February 23, the seventh day after injury. The soft tissues about the wound were in- 
durated. Skeletal traction was instituted by means of a Kirscliner wire through the upper 
tibia. In the next twelve hours there were three liemorrhages from the wound. The last of 
these was exsanguinating. This was controlled by clamping and suturing the bleeding 
points in the friable, dark red, granulation tissue w’hich made up the floor of the wound. No 
packing was inserted; 2,000 c.c. of whole blood were given. The laboratory reported the 
recovery of SaciUus sultili^ and Cl. welchii from cultures of the wound. Gas bubbles could 
be exTDressed from the floor of the wound. Because the patient's general condition was 
satisfactory, surgical intervention was withheld although penicillin therapy (50,000 units 
every three hours) was continued. An average of 400,000 units of penicillin was given in- 
tramuscularly each day from Feb. 22 until Feb. 25, 1945, when the patient suddenly became 
acutely ill. The temperature, whicli liad not been over 101° F., rose to 104° F. The pulse 
rate rose suddenly from 92 to 120. Respirations increased from 20 to 40 per minute. The 
patient became apprehensive, restless, and thirsty. Crepitation of the tissues about the 
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wound, extending down the thigh to the toes and up to tlie iliac crest, liad developed. The 
dorsalis pedis and posterior tibial pulses were palpable but faint. The entire thigh and the 
right lower abdominal quadrant were edematous and indurated. At emergency operation on 
February 25, nine days following injury and after three days of intensive penicillin therapy, 
the wound of previous debridement was enlarged upward to the crest of the ilium and down- 
ward to the knee. Gray-brown pus exuded from a cavit}- in and about the fractured frag- 
ments of the femur. Beyond this encapsulated area the rapidly spreading anaerobic infection 
manifested itself by discoloration and edema of the subcutaneous and areolar tissues and by 
multiple, small, elliptical areas of degenerated muscle, colored brown to black. These areas 
were limited to the vastus lateralis and the lateral portion of the quadriceps femoris. All 
involved muscle was excised. The temperature ranged from 101 to 103° F. for five days after 
operation. Therapy during tliLs postoperative period included sulfadiazine (total of 78 Gm.), 
gas gangrene antitoxin (total of 200,000 units), blood transfusions, and penicillin. The latter 
was given by hourly intramuscular injection at the rate of 1,200,000 units daily. During 
the period from Februarj' 22 until March 8, at which time the patient was considered to have 
recovered, 5,800,000 units of penicillin were given. Gas gangrene antitoxin was discontinued 
after the fourth day of administration because of the development of severe urticaria. 
Cultures from the wound, taken before and after radical surgery, and while penicillin was 
being administered, were as follows; February 23, B. suhlilis, Cl. veJcJtii; Februarj* 2-1, 
Proteiis I'ulgaris, pleomorphic streptococcus; March 2, P. mlgaris, B. .nhliJi.t; March 6, 
Clostridium of the proteolytic group; March 19, Cl. welchii. On xVpril 25 split grafts were 
applied. The patient was sent to the United States. It is considered significant that the 
spreading clostridial myositis developed while the patient was receiving penicillin therapy. 

There were six patients in whom there was clostridial nujosiiis of all muscles 
of an extremity. These Avere patients in whom there was abnipt onset of signs 
and s.ATnptoms. Pain tvas severe; fever was high; leucocyte count was very 
high. The pathology was that of muscular necrosis spreading rapidly to in- 
A’'olve all muscles of the extremity. 

CLOSTRIDIAL JIYOSITIS (GAS GAKGRENE) 

Case 2. — A 22-year-old infantryman suffered a fracture of the fibula due to 0.30 caliber 
bullet. Debridement of the wounds of entry and exit was done within two hours. Incisions 
for debridement were not extensive. The patient was admitted here on the fourteenth day 
after injury -ndth a bloodsoaked cast extending from toes to above the knee. On the morning 
after admission the cast was removed because the patient complained of severe pain. The 
tissues of the leg about the wounds were indurated and edematous. There was no crepitation. 
The dorsalis pedis and posterior tibial pulses were present. Temperature was 100° F., pulse 
84, respirations 20. Bed blood cells were 1.9 million, hemoglobin 40 per cent, and white blood 
cells 16,350. After four hours of observation during which the patient was treated with 
penicillin and blood transfusions the pulse rose to 140 and he showed signs of extreme 
toxicity. There was marked edema of the leg from the mid-thigh down. The skin of the leg 
was very pale and the dorsalis pedis and posterior tibial pulses were no longer palpable. IVJiitn 
blood cells rose to 43,600. At the time of operation the wounds were enlarged by incision. 
All subcutaneous tissues were intenselj' edematous and pale. Incision of the fascial sheaths 
revealed that the musculature was intensely swollen, pale, and did not contract. Incision over 
the thigh revealed the same pathologic changes. High thigh amputation was done. Becovery 
was prompt. 

These six patients had been treated by penicillin from the time of injury 
until the onset of the disease. In this group of cases the leucocytosis vai-ied from 
25,000 to 50,000. Anemia varied from 3 million to 3.5 million. Four patients 
recovered' following amputation. Two patients developed severe toxemia and 
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died. There was distinct bronzing- of the shin before deatli. The mortality 
rate in these fourteen cases of clostridial myosilis was 21.4 per cent. 

Aiwerohic OdMitis.—ThQVG were Iwenty-lhrce cases in Avhich tlie signs and 
symptoms were those of anaerobic cellulitis. Tliis does not include cases of lo- 
calized abscess from which pathogenic elostridia were recovered. Tliese cases of 
cellulitis were characterized by gradual onset of diffuse edema of subcutaneous 
and areolar tissues. The muscles were not involved. The average lapse of time 
between iiijuiy and onset of the complication was fifteen days. The wounds of 
injury in these patients were as follows: fracture of the femur, 5; of tibia 
and fibula, 6 ; of the bones of the foot, 3 ; of the scapula, 1 ; wound of soft tissue 
of thigh, 4 ; of buttock, 2 ; of chest w.all, 2. In sixteen of these patients debride- 
ment had been done within six hours after injury. In the other seven there was a 
lapse of twenty-four to sevei^tj'-two houi-s before opeiutive treatment was given. 
All of these patients were pale, toxic, and febrile. They did not complain of 
pain. Secondary anemia was evidenced by the red blood count which varied 
from 2 million to 3.5 million cells with hemoglobin of 40 to 65 per cent. White 
blood count varied from 5,000 to 15,000. Temperatures were not high. The 
lowest recorded was 99.6° F. while the highest was 101.6° F. Cl. ivelcJiii was 
recovered from wound culture in all twenty-three cases. Penicillin had been 
given while the patients were en route to this hospital in eighteen cases. On ad- 
mission their casts were stained with blood and pus and had a foul smell. The 
usual procedure was to remove the cast and to institute balanced traction. It 
was following the use of this necessary measure that these patients developed 
anaerobic cellulitis. The impression obtains that the motion of fascial planes 
coincident to removal of the plaster east and the institution of traction opens up 
lymphatic channels and tissue spaces to allow for the extension of latent anaer- 
obic infection. Commonly there was grayish slough in the depths of the wounds. 
Thick, dark brown or yellow pus with bubbles of gas could be expressed. There 
was no change in the skin or in the state of the circulation of the extremity. The 
extent of edema varied. In some patients it involved the entire extremity. 
Palpation revealed crepitation of tissue and there was abundant gas in the tissues 
as shown by x-ray. All of these patients Avere treated by radical incision and 
drainage. Five or six long vertical incisions were made through the involved 
areas and into neighboring healthy tissue. Subcutaneous and areolar tissues 
of the fascial planes Avere yelloAv green and edematous. Musculature Avas not 
abnormal. In some cases there AA’^ere loose blood clots AA^'idely disseminated in 
the intermuscular aieolar tissues. As an adjunct to surgerj^ all patients were 
treated AAuth penicillin. In seA’^enteen cases the drug Avas given in doses of 
300,000 units every three hours, intramuscularly. In six cases the same doses of 
penicillin Avere injected into healthy tissue proximal to the infected, area. All 
patients in this group recovered. The role of penicillin in these cases Avill be 
discussed later. Case 3 is rather typical of anaerobic cellulitis due to Cl. luelcJiii 
as obseiwed in this group. 

ANAEROBIC CELLULITIS 

Case 3.— A 22-year-oia paratrooper sustained a compound fracture of tlie upper third 
of tlie femur from .Tapanese macliine gun fire on March 13, 1945. Eight hours after injury he 
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arrived at an evacuation hospital in a state of shock. Debridement was done fourteen hours 
after injury. The wound of entrance was excised, the foreign body was removed, and tlie 
fascial sheaths were incised. A hip .spica was applied. Penicillin (2.5,000 units every three 
hours) was started just after operation. It was continued until March 24, the date on which 
the patient was admitted to this hospital. The patient stated that he could not stand the 
‘ ' foul smell of the cast. ’ ’ He was apprehensive but not alert or restless. Temperature was 
101° P., and pulse rate was 112. Red blood cells were 3.2 million, hemoglobin 70 per cent, 
and white blood ceils, 12,000. X-ray showed malposition of tlie comminuted fracture. Blood 
transfusion was given, the cast was removed, and the extremity was suspended bj’ skeletal, 
balanced traction. The entire thigh and leg were swollen and pale. Dorsalis pedis and 
posterior tibial pulses were palpable. There were three wounds, one over the lateral aspect 
of the thigh and two over the posterior thigh near the buttock. These were lined with dark 
brown, friable, granulation tissue, and thick brown pus and gas could be expressed. Smear 
from the wounds showed gram-positive rods. Wide incisions were made over the anterior, 
lateral, and posterior aspects of the thigh. Di the floor of the wound, remnants of muscula- 
ture of the vastus lateralis had sloughed but the main portion of that muscle belly was viable. 
Beyond that area, up to the iliac crest and down to the knee, the subcutaneous fat and the 
areolar tissues of the thigh were edematous and yellow green in color. Layers of liquefied 
and necrotic blood clot were evacuated from between the fascial planes of the thigh. Cultures 
from the wound were positive for Cl. welchii. Following operation the patient had tempera- 
ture of 103 to 104° F. daily until the sixth po.stoperative day, when it dropped by lysis to 
normal. Penicillin (given at the rate of 50,000 units intramuscularly every three hours) 
apparently had no effect on the rate of recovery. Wound cultures failed to show Cl. Welchii 
after the tenth postoperative day. Wounds were covered with split grafts fourteen days after 
incision and drainage. The patient made an uneventful convalescence from that time on. 

Included in this group are five cases in Avhich anaerobic cellulitis was 
superimposed on peripheral gangrene due to injury to the main arterial supply 
of an extremity. These were cases in wdiich the arteiy had been ligated at tlie 
time of debridement of the wound. The patients were received at this liospital 
fourteen to twenty-one days after injury and gangrene of the digits was in 
evidence at that time. In three of the patients the brachial artery had been 
ligated. In a fourth the injmy was a fracture of the femur complicated by 
laceration of the femoral artery^ The fifth patient liad fractures of both bones 
of the forearm with occlusion of tlie I'adial and ulnar arteries. The clinical 
picture in these cases was similar to that in the other cases of anaerobic cellu- 
litis. Treatment was by amputation of the gangrenous digits, incision and 
drainage of the indurated, edematous tissues, and novocain block of the regional 
sympathetic ganglia. 


HEMORRHAGE FROM THE WOUND 

In the literature, attention has been called to the fact that hemorrhage 
from the wound may be the first sign of gas gangrene. This sign was present 
in six of the thirty-seven cases in this series. In three of these the liemoiThage 
was of minor importance while in three others it was severe and exsanguinating. 
Exploration at the time of operation showed a constant pattern in these patients. 
The hemorrhage was from the deeper recesses of a wound which was lined with 
friable, dark red or brown granulation tissues. Proximal ligation of the major 
artery was not effective in any of these cases. In five patients it was possible 
to control the hemorrhage by clamp and ligature of the bleeding points. In the 



CONWAY: ANAEROBIC INFECTION AND GANGRENE OF WAR WOUNDS 559 

other three it was necessary to amputate tlie extensively damaged extremity. In 
two patients hemorrhage complicated abscess which had developed secondary 
to the position of the extremity in balanced traction following incision and 
drainage for anaerobic cellulitis. An example is the case of a soldier with a 
compound fracture of the upper third of the femur complicated by anaerobic 
cellulitis of the tissues of the thigh and buttock. Following radical incision and 
drainage his condition improved. However, the picture was complicated by 
the development of gangrenous cholccy.slitis. The patient again improved fol- 
lowing cholecystectomy. Culture from the wound continued to be positive for 
Cl. welclm. During this time the extremity was in balanced traction and gravity 
favored the development of a localized infection high in the muscles of the upper 
gluteal area. The first evidence of complication was the sudden severe hemor- 
rhage from the wound. Exploration revealed uneontrollablc bleeding from the 
indurated granulation tissue of the deep recesses of the wound. Because of 
the critical condition of this greatly weakened patient and the extensive trauma 
to the bones and soft tissues of the leg, amputation was the only resource of the 
surgeon. The lesson to be learned from these cases is that if the culture for 
Cl. welclm does not become negative relatively soon following incision and 
drainage, further drainage or excision of necrotic tissue is indicated. 

ADJUNCTS TO SURGERY 

In the management of these cases of infection and gangrene due to Cl. 
welcMi an attempt was made to detemine the value of the chemotherapeutic 
agents. The use of sulfadiazine has been advised because of its bactericidal 
action against pyogenic organisms, the presence of which create wound con- 
ditions favorable for the growth of anaerobes. Because of the experimental 
evidence presented by McIntosh and Selbie^ and by Hac^ and others that peni- 
cillin is a potent therapeutic agent in gas bacillus infections, use of this drug 
as an adjunct to surgery has been advised strongly. Gas gangrene antitoxin has 
been recommended for prophylactic and therapeutic use. Analysis of the records 
of the thirty-one cases included in this report and the clinical impressions of 
the surgeons of the staff of this hospital are the basis for the opinions which 
follow. Sulfadiazine had been given in adequate amounts as a prophylactic 
agent to twenty-four of the thirty-seven patients who developed clostridial in- 
fection or gangrene. It was used after operation in the treatment of thirty of 
the thirty-seven patients. Its use produced no significant change in the flora of 
wounds. The general condition of patients did not improve following its use. 
There was no evidence that sulfadiazine was of value. 

The fact that gas gangrene autitoxm had been given prophylactically in 
the forward areas to only nine of the thirty-seven patients indicates that sur- 
geons are not convinced of its value. At this station the antitoxin was given 
therapeutically to eight patients. There was no obvious effect on the degree of 
toxemia. In five eases the use of the antitoxin was followed by the development 
of severe urticaria. 

Effort was made to evaluate penicillin in the management of infections and 
gangrene due to Cl. welchii. Thirty of the thirty-seven patients included in this 
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report had been treated continuously with penicillin from the time of surgical 
debridement until arrival at this hospital. Penicillin had been administered 
intramuscularly in doses of 20,000 or 25,000 units every three or four hours. 
Experience with these thirty patients who developed clostridial infection or 
gangrene while penicillin therapy was in effect is convincing evidence that it has 
no prophylactic vah\c. Following radical surgery, thirty-one of the thirty-seven 
patients were treated intensively with penicillin, 50,000 units being given in- 
tramuscularly every three hours for a minimum of ten days. In the other six 
patients the penicillin was in.icctcd eii’ciunferentially into the muscles of the 
extremity proximal to the infection. The administration of penicillin had no 
effect on the degree of toxicity, on the coui-se of the fever, or upon the appeai*- 
ance of the wound. Surgeons who attended these patients are united in the 
opinion that penicillin has little or no value in the thcrapeusis of infections and 
gangrene due to Cl. ivclchii. In all cases clinical improvement was attributed 
directly to radical surgery. No other measure could sribstitute for the frequent 
transfusions of Avhole blood which Avere the mainstay of postoperative manage- 
ment. 

Differential Diagnosis . — In Table III arc listed the essential data in the cases 
reported. Fever and leukocytosis Avere higher in the case of clostridial myositis 
than in those of anaerobic cellulitis. Secondary anemia Avas present in all cases. 
Hemorrhage Avas a complication only in chronic anaerobic infections AA'hich had 


Table III. Diffebektial Clisicai. axd Laboratory Data 




CLO-STRimAl, MYOSmS 
( 14 CASES) 

AKAEROBIC CELI.ULITIS 
(2.3 CASES) 

Time from injury 

to on- 

10 days 

15 days 

set 

Penicillin therapA’ 

previ' 

12 cases 

IS cases 

ous to onset 

Debridement under six 

12 cases 

10 cases 

hours 

Pain 


Severe 

None 

Debridement not 

done 

2 cases 

0 cases 

Toxemia 


Severe 

Mild 

Fever 


Usually 102° F. (may be as 
high as 104° F.) 

99 to 101° F. 

Anemia 


K.B.C. 3 to 3.0 million 

R.B.C. 2.2 to 2.9 million 

Leukocytosis 


AV.B.C. 15,000 to 45,000 

W.B.C. 5,000 to 15,000 

Swelling 


Marked swelling usually in- 
volving entire extremitv' 

May involve all or any part of 
an extremity 

Crepitation 


Present in 6 cases, absent in 

8 cases 

Present in 17 cases, absent in 

0 cases 

Peripheral pulses 


Normal in 0 cases, weak in 2 
cases, absent in G cases 

Present in all cases 

Pathologj- 


Loss of contraetibility of 

muscles with palor and 

edema, patchy hemorrhagic 
necrosis, or brown discolora- 
tion of muscle groups 

Edema and yellow-green colora- 
tion of subcutaneous and 
areolar tissue with or without 
gas bubbles; may be blood 
clots in fascial planes; 
muscles not altered 

Gas 


A^ariable 

Abundant 

Smell 


May not be significant 

Foul 

Bacteriology 


Cl. welchii all eases 

Cl. welchii all cases 

Surgery 


Excision of muscles involved, 

6 cases; amputation, 8 cases 

11 recovered, 3 died 

Multiple wide incisions 

Eesult 


All recovered 
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been incompletely drained. Pain was severe in llie cases of clostridial myositis 
and absent in those of cellulitis. Surgeons of this hospital staff, observing large 
numbers of war wounded whose extremities were encased in plaster, soon learned 
that pallor, low grade fever, pain under the east, and foul discharge from the 
woimd suggested anaerobic infection and demanded removal of the east and sur- 
gical intervention. 

SUMMARY AND COMMENT 

Report is made of experience with thirt.v-seven cases of anaerobic infection 
and gangrene occurring in war wounds. Tliese eases were encountered in the 
management of 4,040 battle casualties from the campaign for the Philippine 
Islands. The patients were admitted to a general hospital five to twenty-one 
days after injury. There were fourteen cases of clostridial myositis and twenty- 
three cases of anaerobic cellulitis. The primaiy injury was compound fracture 
in 75 per cent of the patients and wound of soft tissue in 25 per cent. Pain, 
anemia, fever, and foul discharge from the wound are the signs which suggest to 
the clinician that -a war injury may be complicated b.y anaerobic infection or 
gangrene. The opinion is advanced that incomplete debridement without de- 
pendent drainage is the most important factor contidbuting to the develop- 
ment of clostridial infection and gangrene in war woimds. Sj-mptoms, signs, 
pathology, laboratory findings, and treatment are discussed. Illustrative case 
histories are reported. Experience with secondarj' hemorrliage is discussed. All 
the patients with anaerobic cellulitis recovered. Three of the fourteen with 
elostridial myositis died. The mortality rate in this group of cases is 21.4 per 
cent. Adjuncts to surgery are evaluated. Thirty of the thirty-seven patients in- 
cluded in this report were treated with large doses of penicillin from the time 
of initial debridement until the development of anaerobic infection or gangrene. 
All thirty-seven of these patients were treated intensively with penicillin after 
radical surgical treatment of the complication of anaerobic infection or gangrene. 
In six of these patients penicillin was injected intramuscularly just proximal 
to the infected area. 

The evidence is convincing that penicillin is of no" value in the prevention 
of clostridial infection or gangrene. Though the evidence is not sufficiently 
complete to warrant final conclusion, the opinion is held that penicillin is of no 
value in the therapeusis of these complications. The prevention of anaerobic 
cellulitis and gas gangrene depends upon early and adequate debridement of the 
wound with the establishment of counterdrainage. All evidence supports the 
conclusion that radical surgery is the method of choice for the treatment of 
anaerobic infection and gangrene in war wounds. 
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CAUSES OF AlilPUTATIONS IN BATTLE CASUALTIES AYITH 
E]\rPHASIS ON VASCULAR INJURIES 

Colonel Charles B. Odoh, JIedical Corps, Arhv op the United States 

I N CERTAIN quarters, particularly in the Zone of Interior in the United States, 
among men ivho have not seen battle casualties in the field, there seems to l)e 
an impression that many of the amputations performed in World War II could 
have been avoided. Variou.s methods of thei-apy liave been advocated to reduce 
the amputation rate. These include the application of sympathetic block, 
siunpathectomy, and methods of vascular repair. In order to give a true picture 
of the problem of amputations I -would like to present facts and figures from one 
of the armies -which carried a major part of the figliting in Europe, and -\vhich 
incurred, in the course of this fighting, its share of battle casualties. 

A detailed study of amputations was carried out in the Tliird U. S. Army 
through the cooperation of the Cliiefs of Surgeiy and Surgical Team Chiefs 
with the Surgical Consultant, In no case was amputation done without con- 
sultation. All surgeons were made cognizant of the latest woi’k on vascular re- 
pair. Conservatism was the watchword and was always emphasized. In fact, 
in retrospect I now feel that conservatism was to some extent overemphasized, 
as occasionally a life was lost in attempting to save a limb. 

It is true that there are more amputees from World War II than from 
World War I. It is also true that there were far more casualties in the former, 
and that more wounded men have lived to return home without an arm or leg. 
The use of missiles that were more destructive is well known, and particularly 
affecting amputation was the extensive use of mines practically unlaiown in 
World War I. The direct results of mine injuries are shown in the differential 
of 1,375 eases of lower extremity amputations as compared with 45S of the upper 
extremity. 

A breakdo-\vn of the level of amputations is shown in Table I. 

The three main causes of amputations in World War II are shown in Table 
II. It is noteworthy that the fourth cause of amputations in World War I, 
secondary infection, has been eliminated b.y earl}'^ adequate debridement and 
the chemotherapeutic agents, namely, penicillin and the sulfonamides. These 
drugs were given by mouth and parenterally, however, their local use in wounds 
was discouraged. 

GAS gangrene 

During the nine months of this campaign, 445 patients with clostridial in- 
fection were encountered. Of this number, 258 came to amputation. In order 
to prevent unnecessarj' amputation, upon the fii-st appearance of gas in the 
tissues, the clostridial infections were classified as follows ; 

1, Diffuse clostridial myositis in which amputation as far above the 
visible e-vidence of involvement as possible was performed immedi- 
ately. 

Received for publication, Sept. 11, 1945. 
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Tablk I. A^itruTATioN Li:vi:iiS 



MVEIi 

NUMBEIl or CASES 



Upper arm 


2ie 



Forearm 


3S8 



Hand 


54 



Thigh 


448 



Leg 


774 



Foot 


153 



Total 


3,833 



Table II. 

CAUSE.S OP AMPUTATIONS 




CAUSE 

NUMBER OF CASES 

PERCENTAGE 



Gas gangrene 

25S 

14 



Blood vessel injuries 

423 

■ 23 



Traumatic 

1152 

03 



Total 

1,833 




2, Clostridial cellulitis involving only a muscle or group of muscles, 

, ' in Avliicli wide incision of the localized process and excision of the 

devitalized tissue Avere sufficient and amputation w'as avoided. 

3. Localized clostridial abscess in Avhicli incision and drainage Avere 
all that Avere necessary. Gas gangrene aiititoxin Avas used in lai'ge 
doses ill infections, but the general impression Avas that it Avas of 
very little value. Penicillin dosage Avas markedly increased in pa- 
tients Avith clostridial infection, but it Avas felt that its sole value 
lay in controlling secondary infection, and that it had little eifeet 
upon the Welch bacillus. 

Diffuse clostridial myositis accounted for 14 per cent of the total number 
of amputations. In this connection it is well to point out that in the Avounded 
German soldiers handled by our hospitals the rate of clostridial myositis was 
four times as high as our own. The best explanation of this difference lies in 
the gi'eater delay from time of injury to surgical care of these prisoners. It was 
often several days before they Avere evacuated to our hospitals. Once they ar- 
rived there, they received the same treatment as our oAvn wounded men. 

TRAUMATIC AMPUTATIONS 

By far the greater number of patients seen in the military hospitals of this 
country, minus an extremity, ]o.st that member immediately Avlien hit or it Avas 
so badly mangled that tlie damage Avas beyond repair. A typical loAver extremity 
iiLlured by an exploding German mine is shown in Fig. 1. This picture should 
be kept m mind by those enthusiasts avIio would “prevent 90 to 100 per cent of 
amputations by sympathetic block or sympathectomy,” or "effect an over-all 
reduction of 50 per cent in limbs lost by blood vessel anastomosis ^ This 
group of cases accounted for 63 per cent of all the extremities amputated in this 
Army. Those avIio saw tliese patients in forivard hospital units realized that no 
IniOAvn surgical methods could have saA^ed these limbs. 
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VASCULAR INJURIES 

In the gi’oup of vascular injuries the greatest salvage of extremities can be 
accomplished. Tliis group borders on the traumatic group very closely in many 
cases, as these wounds were very often multiple, seldom a single laceration or 
puncture wound of a major artery, but when the surgeon felt that the injury 
to the blood supply was the paramount lesion the injury was classified as vascu- 
lar. The group is much smaller than many surgeons suppose, as in 92,030 battle 
casualties there were only 837 such cases, or 0.9 per cent. Because of the fact 
that all surgeons had been alerted to be on the lookout for vascular injuries, 
and excellent records were kept, it is my impression that this figure is accurate. 
Of these 837 injuries to major arteries. 423 came to amputation and the main 
vessels involved are shown in Table III. 



Fiff. 1 — InJurj Irom German land mine. 


The surgeons of this Army were thoroughly indoctrinated witli the im- 
portance of attempting repair of major vascular injuries. Reports^’ ^ 1)3" Blake- 
more and his associates on the nonsuture repair of blood vessels, a veiy com- 
mendable work, were reproduced and a cop 3 ' placed in tlie hands of every chief 
of surgeiy and surgical team chief. 

The vitallium tubes and hepaiin necessaiy for application of their method 
were not available in large quantities, but there was sufficient matei’ial to give 
the method a fair trial.’^ It was the consensus of opinion that some of the pro- 

•The Mtallium tubes and heparin weie made a\ailable for clinical trial to all The^er 
and Army Surgical Consultants through the efforts of the Chief Consultant m Surgery. Offlce 
of The Surgeon General. 
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Table III. Bloop Vessel Ilmubies Which Led to Gangrene and Ami>i;tation 


arteries 

NU.MllER or CASES 

Subclavian 

4 

Axillary 

18 

Brachial 

80 

Cubital 

2 

Radial 

2 

Ulnar 

1 

Radial and ulnar 

3 

Common iliac 

6 

External iliac 

7 

Eemoral 

104 

Popliteal 

157 

Anterior tibial 

3 

Posterior tibial 

16 

Anterior and posterior tibial 

20 

Total 

423 


cedwves advocated by Blakemore and associates are impractical lor use in the 
field.®’ ‘ These include the following points: (1) The recognition of injury to 
a major vessel by an aid wan on the battlefield is impossilde. The therapy ean- 
not be instituted by him. The limitations of sucli a man, or the conditions under 
which he works, have not been taken into consideration in making such a recom- 
mendation. (2) The institution of surgical procedure in the battalion aid 
station, where only resuscitation has been practiced, would require the revision 
of the entire system of handling casualties in forward areas. Such might be ad- 
vocated if there was a large enough number of vascular injuries, but not when 
these cases constitute less than 1 per cent of the total number of casualties. (3) 
The time interval between wounding and the institution of surgery has been 
misunderstood. This interval has been greatly reduced in World War II over 
World War I, but still ranges between six and twelve hours, even in emergencies. 
The average ease was usuallj’ disposed of surgically under twenty-four hours, 
and surgical staffs woihed long hours to accomplish this result. (4) The prepara- 
tion of fresh vein grafts was time consuming and had frozen grafts been avail- 
able another objection would have been removed. However, I do feel, as most of 
the surgeons in our Army, that this work is a step in the right direction and the 
method was successfully applied in selected cases. 

In lieu of the Blakemore apparatus, glass tubing and plastic tubing were 
used in a few cases. In all of these nonsuture methods of blood vessel anastomosis 
it is essential to use heparin, =■ ® to prevent clotting at the site of repair. The use 
of hepax'in in battle casualties is a procedure coupled with considerable risk, as 
at least one-third of all casualties have multiple wounds and fatal hemorrhage 
has occurred in a number of heparinized patients. 

The treatment used and the results in the cases in this series are shown in 
Table IV. From this table it would appear that the Blakemore method of vein 
graft has a slight advantage, but that on the whole about 50 per cent of the pa- 
tients developed gangrene no matter what method of treatment was used. This 
is not in fact true, and it is necessary to break down these figures into the ves- 
sels involved, as well as the treatment used, in order to draw any comparison. 
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Table IV. Treatment op 837 Major Blood Ve.ssel Injuries 








PEP. CENT 





RESULTS 

DEVELOPED 

METHOD 


NUMBER 


GANGRENE 

VIABLE 

GANGRENE 

Ligature 


767 


386 

381 

50 

Suture 


42 


23 

19 

51 

Nonsuture 


28 


14 

14 

50 

Blakemorc 

15 


7 

8 


40 

Glass tubing 

9 


5 

4 


55 

Plastic tubing 

4 


2 

2 


50 

Total 


837 


423 

414 

50.5 

Table V. 

Injured Vessei.s Treated by. Ligation 







PER CENT DEVELOPED 

ARTERY 


NUMBER 


VIABLE ' GANGRENE 

OAXGRKNT5 

Subclavian 


9 


5 

4 

44 

Axillary 


29 


15 

14 

48 

Brachial (above profunda) 


09 


32 

37 

55 

Brachial (below profunda) 


141 


108 

33 

23 

Cubital 


4 


O 

o 

50 

Radial 


25 


23 

ty 

8 

Ulnar 


oo 


21 

1 

4.5 

Radial and ulnar 


8 


5 

3 

37 

Common iliac 


6 


1 

5 

83 

External iliac 


6 


2 

4 

66 

Eemoral (above profunda) 


74 


12 

62 

84 

Femoral (below profunda) 


62 


27 

35 

56 

Popliteal 


196 


51 

145 

74 

Anterior tibial 


21 


IS 

3 

13 

Posterior tibial 


69 


53 

16 

23 

Anterior and posterior tibial 


26 


6 

20 

76 

Total 


767 


381 

380 

50 


In Table V are shown the results in the vessels treated by simple ligation. 

In order to emphasize the marked difference between the problems encoun- 
tered in the surgical care of vascular injuries in battle casualties and those met 
in comparable injuries in civilian practice, Table VI is produced. 

These marked variations in results are not due to a difference in treatment. 
The therapy recommended by the council was adhered to in regard to simul- 
taneous division of the companion vein, and the routine use of sympathetic 


Table VI. Sudden Arterial Ligation and Gangrene 


ARTERY LIGATED 

PER CENT DEVELOPED GANGRENE 
(BATTLE CASUALTIES) 

N.K.C. CHART 
(PER CENT)* 

Subclavian 

44 

9 

Axillary 

48 

9 

Brachial 

55 

3 

Cubital 

50 

0 

Common iliac 

S3 

50 

External iliac 

66 

13 

Common femoral (above profunda) 

84 

21 

Femoral (below profunda) 

56 

10 

Popliteal 

74 

0 

Anterior tibial 

13 

3 

Posterior tibial 

23 

3 


•Figures In this column from aiilitary Surgical Manual,* 







0D05I : AMI’UTATIONS IN BATTLK CASUALTIES 


567 


blocks both before and after surgery. A major part of the difference, it is felt, 
can be found in the fact that tlie battle casualty has had the injury for from six 
to twelve hours before he reaches a surgical unit. He is often exsanguinated, 
has a low blood pressure, and is in shock. His tissues are anoxic. There is often 
hemorrhage into the fascial planes of the cxti’emity with a resulting hematoma 
and pressure on the collateral circulation. Often the collateral circulation has 
been injured also. The disappointing results from sympathetic blocks are ac- 
counted for, in a large part, by these latter facts rather than that the blocks 
were not Avell done. 

In Table VII are shown the results in the seventy vessels that were re- 
paired. Repair by suture remains the method of choice whenever applicable even 
if it means reduction of tlie caliber of tlic vessel by as much as 50 per cent. 


Table VII. Injured Vessels Treated bv Eepaib 




DEVELOPED 

• 

DEVELOPED 

ARTERY ^ SUTURE 

GANGRENE 

NONSUTURE 

gangrene 

Subclavian 

1 

0 

0 

0 

Axillary 

5 

2 

3 

2 

Brachial (above profunda) 

9 

6 

3 

O 

Brachial (below profunda) 

6 

2 

4 

0 

Cubital 

0 

0 

0 

0 

Badial 

0 

0 

0 

0 

Ulnar 

0 . 

0 

0 

0 

Badial and ulnar 

0 

0 

0 

0 

Common iliac 

2 

1 

1 

0 

External iliac 

2 

2 

0 

1 

Femoral (above profunda) 

6 

4 

3 

2 

Femoral (below profunda) 

4 

1 

2 

0 

Popliteal 

7 

5 

10 

7 

Anterior tibial 

0 

0 

0 

0 

Posterior tibial 

0 

0 

0 

0 

Anterior and posterior tibial 

0 

0 

0 

0 

Total 

42 

23 

28 

u 

It will be noted readily that only the larger arteries, including 

subclavian. 

axillary, brachial, iliac, femoral. 

and popliteal, were 

repaired, so 

in order to 

draw a fair compaiison, only the 

same 

arteries should be considered from the 

group treated by ligation. In Table VIII this comparison is shown. 



Table 

VIII 






PER CENT DEVELOPED 

MAIN ARTERIES NUMBER 

GANGRENE VIABLE GANGRENE 

Ligature 592 


339 

253 

57 

Repair 70 


27 

43 

38 


From these figures it is readily seen that where the major vessel was ligated, 
57 per cent of the extremities involved developed gangrene, but where repair 
was the method of choice only 38 per cent developed gangrene. Thus, there is 
an advantage of 19 per cent of repair over ligation. 

This conclusion cannot be too firmly drawn, liowever, because the repair 
series is much smaller and the more favorable cases were selected for repair. 
However, it is felt that there is an indication of distinct advantage where repair 
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is used, and it shoiild be encouraged so that eventually better and more practical 
methods of vascular surgery will be evolved. 

It will bo noted that in this series there is no mention of arteriovenous aneu- 
rysm or false aneurysm. These patients were all treated conservatively in the for- 
ward areas and evacuated to the general hospitals in the rear. Operation is sel- 
dom undertaken in the patients for six weeks or more, and in the interval the 
collateral circulation is developed and gangrene of the extremity seldom results. 

SUMMxVRY 

A series of 1,833 amputations performed in the Third U, S. Ai’my during 
the European campaign is reviewed. The levels of amputation are given. The 
causes of these amputations arc reviewed with special emphasis on 837 vascular 
injuries. The results of arterial repair in seventy patients are shown. The per- 
centage of extremities which became gangrenous following ligation at various 
levels of the main arterial supplj* is reviewed. These re.sults are compared with 
the results in civilian practice and .some of the probable reasons for the.se dif- 
ferences ai’e stressed. 

COXCLUSIOX,S 

1. Traumatic amputation, gas gangrene, and vascular injury were the three 
main causes of the lo.ss of limbs in World War II. 

2. The extensive use of mines by the Germans eaused an increase in the 
number of amputations, particularly those of the lower extremity. 

3. Vascular injuries constituted less than 1 per cent of the total number 
of battle casualties, 

4. Vascular surgeiy in battle casualties has made very little progi'ess since 
' . World War I. 

f 5. The method of Blakemore and associates of arterial repair by vein graft 

is a step in the right direction, but in general was not found to be practical for 
routine use in battle casualties with vascular injuries. 

6. Sympathetic blocks were routinely used in casualtie.s with vascular in- 
juries, but the re.sults were disappointing. 

7. The repair of injured arteries produced 19 per cent less gangrenous ex- 
tremities than ligation of the same group of vessels. 

8. Continued emphasis should be placed on vascular surgeiy, in order to 
bring this field abi-east of other surgical specialties. 

All of the statistical data in this report were compiled through the cooperation of the 
Chiefs of Surgery and their staffs of the Evacuation Hospitals, and the Surgical Team Chiefs 
working in the Field Hospitals of the Third U. S. Army during the European Campaign from 
Aug. 1, 1944, through May 8, 1945. Because of their tireless efforts this report has been made 
possible. Many of the conclusions expressed in this paper are a consensus of the opinions of 
this splendid group of young surgeons who made one of the best records in tlm care of battle 
casualties yet produced by any army. They treated 92,030 battle casualties in nine months, 
with only .2,574 deaths, or a mortality rate of 2.7C per cent. 
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A C0:MBINATI0N arm splint and NEEDLE-HOLDER DEVICE 

Roger K . jMcDonald, jM.D., Afro Cloid D. Green, ]\I.D., Minneapolis, 1\Iinn. 

T he present method of fixation of intravenous needles by tying the arm on 
a board splint and taping the needle leaves much to be desired from both 
technical and physiologic considerations. The development of a practical 
method of fixation of intravenous needles, allowing the patient some movement 
of the arm as well. as affording a more stable implaeement of the needle and 
a wider choice of arm veins, would be a boon to both the intern and the nurse. 
With these objectives in mind we began the development of a combination arm 
.splint and intravenous needle-holder device. The result has been the construc- 
tion of an instrument which circumvents most of tlie attendant difficulties and 
inconveniences of the past methods by achieving the objeeth'es mentioned. 

The specific difficulties which are encountered with the present method of 
intravenous fluid administration are; 

1. The arm must be tied to a board very loosely if occlusion of the super- 
ficial venous return is to be aAmided. This allows the restless or irra- 
tional patient opportunity for considerable movement of the arm and 
often results in displacement of the needle from the vein. 

2. Any angular vein which is so placed that a major portion of the adaptor 
would not lie over the arm obviously cannot be used. 

3. Tape often does not adhere Avell in cases of hirsutism, of arms which 
are wet (perspiration, fluid from the needle, alcohol), and of redundant 
skin (looseness of skin due to dehydration and weight loss). 

4. The use of gauze in obtaining proper angulation of the needle often 
results in needle displacement. 

The result of these many factors is that displacement of needles from veins 
in the course of continuous drip therapy is a commonplace event, and the al- 
most constant attendance of a nurse to these patients is practically a necessity. 
This is especially true for those patients who arc restless and irrational. 

To be thoroughly practical, an instrument such as we are describing must 
not only obviate the undesirable featiu'es mentioned, but must also fulfill the 
following criteria; It must be (1) simply operated, (2) tinie-saAung, (3) reli- 
able, (4) constructible for general use at a reasonable cost, (5) comfortable 
and yet splint the arm satisfactorily, (6) light, compact, and easily cleaned. 

The combination splint and needle holder which we are desei’ibing has 
successfully fulfilled these demands. 

description 

The instrument (Pig. 1) which we are describing embodies the following 
features : 

1. A semicylindrical splint into which the arm is laid. 


necelved for publication. Sept. 0, 1945. 
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2 . Four upriglit ratclies, one at eacli cornci' of tlie splint. 

3. Two crossbars adjustable on, and removable from, the upright posts at 
either end. (The crossbars arc locked on the posts by a simple spring 
lock mechanism. Each- crossbar is actually a tube from cither end of 



which pi'o.iects a pawl which fits into any interdentate space on the 
upright post. The detents are forced into ]Dosition of engagement by 
a coil spring placed betAveen them within the tube, as shoAvn in Pig. 2. 
They are released by two triggers on the superior aspect of the cross- 
bars. The crossbars readily slide down the upright posts to the desired 
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height, but Ihej’ can be pulled upward only when the pawls are disen- 
gaged from the teeth by pulling the triggers together.) 

4. Two legs extending downward from each crossbar on to each of which 
is mounted a eircular rubber pad by means of a ball-and-socket joint. 



Fig. 3. — A drawing .<!howing the metliod by which the transverse bar is locked In position. 
The inset shows the relations of the longitudinal bar, the transverse bar, and the lock screw within 
the housing. 



Fig. 4. — A drawing showing the mechanism of the spring clip needle holder and the universal 
Joint which is locked by the threaded collar. 

5. A round bar fixed to and nuining the length of the splint. {The bar is 
positioned lateral to and superior to the splint.) 

6. A transverse bar running through a liousing mounted on the longitu- 
dinal bar, as shown in Fig. 3. (By virtue of this arrangement the trans- 
verse bar may be fixed at any position to the long axis of the splint. 
In addition, the transverse bar slides medially or laterally through the 
housing, permitting fixation of the needle holder at any position in 
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relation to the short axis of tlie splint. All motion, both transverse and 
longitudinal of the transverse bar and the housing on the longitudinal 
bar, is stopped by the turn of a single phlanged screw.) 

7. A spring clip needle holder attached to the medial end of the transverse 
bar by a univei'sal (ball-and-socket) n’oint, as shown in Fig. 4. (This 
ball-and-socket joint is simply locked at any desired position by a turn 
of the screw mechanism of the collar.) 

EXPERIENCE 

AVe have used this apparatus on sixty-two patients over a period of three 
months at the Asbury Hospital in Minneapolis, Alinn. It has been used on 
patients under varying conditions ranging from states of complete anesthesia 
to marked restlessness and irrationality. AYe have further found this instru- 
ment of inestimable value in bloodletting. 

advantages 

Our experience has proved beyond question that the following advantages 
are enjoyed through use of this instrument. 

1. This apparatus permits a speed of performance not attainable with the 
past method of tying and taping. 

2. This method permits a firm and reliable splinting of the arm without 
embarrassing the venous return, because the rubber pads cover only a small 
surface area. The only satisfactory method of obtaining complete immobiliza- 
tion at present is to tape the arm to a splint. It need hardly be pointed out 
that this method is an expensive, time-consuming, and difficult feat. This sec- 
ond advantage pertains especially to restless and irrational patients. 

3. Use of this device permits a certain amount of movement of the pa- 
tient’s arm (at the shoulder joint or at the elbow if the splint is applied to 
the forearm) without the needle pulling out of the vein or penetrating the 
distal vein wall. 

4. The usual complications incident to intravenous therapy have been al- 
most entirely obviated. In our series of sixty-two patients there was not a 
single instance in which hematomas or venous thrombosis occurred. Escape of 
fluid into the tissues occurred in two cases. 

5. The appliance entirely avoids the inconvenience of using adhesive taxie. 

6. This combination splint and needle holder has proved to be invaluable 
in moving patients to and from the operating table when continuous intra- 
venous fluid administration is desired. 

7. The apparatus has proved to be extremely useful in phlebotomy. By 
use of a number of such instruments it would be a simple matter for one 
intern to be in charge of several simultaneous bloodlettings. 

8. The patients have indicated theii’ jjreference for this method of receiv- 
ing intravenous fluid over the old method of tying and taping because of the 
comfort and security it affords. 

9. The cleaning of this instrument is a simple matter; blood or fluid stains 
may be sponged off without difficulty. 
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10. This appliance permits the utilization of Amins Avhich are so located 
that the major portion of the needle adapter doe.s not lie OAmr the arm. In 
these instances it is impossible to tape the needle into place Avith anj^ degree 
of security (see Figs, 5 and 6). ' 



Fig. 5. — The Instrument is here appHcrt to the foreaiin with the needle in a vein so aiigulatcd 
that taping is not practical. (Application of the device to the patient's forearm permits movemc nt 
at the elbow.) 



Pig. G — ^Application of tlie .appaiatus in this niannei completelv immobilizes the elbow. 
Notice that in this case the needle is in a vein so anguhitod that tlic major portion of tlie adapter 
docs not overlie the arm 


LIMITATIONS OF THIS COMBINATION SPLINT AND NEEDLE HOLDER 

1. Ill the present construction the use of hand veins is difficult and fre- 
quently impossible. "We believe Ave haim found a practical solution to meet 
this shortcoming but have not incoi-porated tliis new feature into the present 
model. 

2. The splint is not inclined to permit a moderate flexion of the forearm 
AA'hieh Avould alloAV an optimum relaxation of the arm musculature. Incor- 
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poration of such a feaUire would inlei'fcre seriously with Ihe present versa- 
tility of this instrument in that the number of available positions of the splint 
on the arm Avould be siguifieantly decreased. We have found that folding a 
towel and placing it at the distal end of the splint gives a practical solution 
in those cases "where an inclination is desii’cd. 

3. It is not practical to use this splint at the junction of the foot and leg 
Avhen use of the great saphenous vein is de,sired. This site, of course, is a 
relatively easy one for taping because of the noi'inally small amount of move- 
ment at this location in a bedridden patient. 

"We "nnsli to express our appreciation to Dr, C. .T. Watson, professor of medicine, and 
Dr. 0. H. Wangensteen, professor of surgery, at the University of Atinnesota, and the 
Asbury Hospital Staff for encouraging us in this undei taking. We also wisli to thank 
Mr. William Sielert for assisting us in building this iiistniment. 
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10. This appliance permits the utilization o£ veiius which are so located 
that the major portion of the needle adapter does not lie over the arm. In 
these instances it is impossible to tape the needle into place with any degree 
of security (see Tigs. 5 and 6). 



Pig. o — The instrumont Is heic applied to the forearm with the needle m a \oin so angulatcil 
that taping is not practical. ( \.pphcation of the dcMce to tlic patient’s forearm permits mo\cment 
at the elbow ) 



G — ^Application of the apparatu*? in this mannei completclv immobilizes the elbow 
Notice that in this case the needle is in a •\cm so angiilatcd that the major portion of the adapter 
does not o^erhe the arm 


LIMITATIONS Or THIS COMBINATION SPLINT VND NLEDLE HOLDER 

1. In the present construction the use of hand veins is difficult and fie- 
cpiently impossible. W’'e belle's e we have found a practical solution to meet 
this shortcoming but have not incorporated this new feature into the present 
model. 

2. The splint is not inclined to permit a moderate flexion of the forearm 
Avhich Avould allow an optimum relaxation of the arm musculature. Incor- 
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WALTER EDWARD DANDY 
1886-1946 

W ALTER EDWARD DANDY died on Friday morning, April 19, 1946. The 
original suggestion that this issue of Suhgery be dedicated to liim on the 
oceasion of his sixtieth birthday came froiti friends in Australia. This suggestion 
met -with the hearty approval of the editoi’s of Surgery. It was hoped that this 
series of papers would be published in April since Dr. Dandy’s birthday was on 
the sixth of this month but several factors led to delay. In the meantime the 
untimely death of this great man has shocked the medical profession and thou- 
sands of his patients and friends. 

Walter Edward Dandy, the son of Johii and Rachel Dandy, was born in 
Sedalia, Mo. He received a Bachelor of Arts degree at the University of Mis- 
souri in 1907 and was graduated from the Johns Hopkins School of Medicine in 
1910, He sewed as a house officer in surgery at the Johns Hopkins Hospital 
during the succeeding eight years, the last two of which he was resident sur- 
geon. In this capacity he followed Dr. Roy D. McClure and Dr. George Heuer 
'and preceded the late Dr. Mont Reid. 

The busy years as a house officer sharpened rather than dulled Dr. Dandy’s 
interest in investigative work. Dr. Halsted recognized his unusual gifts and 
encouraged and stimulated him. In 1913, three years after his graduation. Dr. 
Dandy reported his fundamental studies on hydrocephalus, which added much 
to the knowledge of the pathogenesis and the treatment of this disorder. Dr. 
Halsted remarked to Dr. E. A. Park at the time, "Dandy will never do any- 
thing equal to this again. Few men make more than one great contribution to 
medicine.” Subsequent events showed that Dr. Halsted had underrated the 
ability of his brilliant pupil. 

In 1918, at the age of 32 years, Dr. Dandy made his greatest contribution. 
While viewing the x-ray film of the abdomen of a patient, he observed the 
difference in the appearance of shadows which were cast by air and by fluid. 
It occurred to him that the outline of the ventricles of the brain could be 
visualized if some of the fluid were removed and replaced Ijy air. The pro- 
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ceilure was nsed first on animals and later on patients. It Avas found that an 
abnormality in contoiu’ of one of the A’ontricles of the brain as seen on the 
x-ray film frequently reA'ealed the location of’ lesions which could not be 
determined by other means. At fiiAst tliis method was not receiA’ed AA'ith 
enthusiasm by most neiu-osurjicons. but it is used uoav in all medical centers 
and is regarded by many as the groate.st adA’ance cA-er made in neurosurgery. 

Dr. Dandy’s oi'iginal Avork did not cease AAnth this second contribution. 
In 1925 he described an operation for tilgeminal neuralgia Avhieh reduced the 
likelihood of postoperatiA'c corneal anesthesia and ulcers. vShortly thereafter 
he dcA’^eloped a similar operatiA'e procedure for the treatment of glossopharyn- 
geal neuralgia. In 1928 Dr. Dandy dcA-ised an operation for the treatment of 
Sleniere’s disease, Avhieh is regarded by many as his second inost important 
contribution. He discoA’ered that the attacks of A’ertigo could be eliminated by 
diA'ision of fibers of the anterior part of the acoustic neiwe and that hearing 
AA’as not impaired. No satisfactory treatment for this condition existed prior 
to this discoA-ery. 

In 1928 Dr. Dandy described the findings, together Avith the operatiA'C 
treatment, in scA'eral patients AA’ith ruptured inteiwertebral discs. He did not, 
hoAveA'er, appreciate the surgical significance of this disorder until the impor- 
tant Avork of Barr and IMixter AA'as published. FolloAA'ing this he took a re- 
ncAved interest in the sub.'ject and demonstrated the frequency A\dth AA'hich a 
ruptux’ed disc causes pain in the loAAmr back and leg. Ncaa' diagnostic tests 
AA'ere devised and operative therapy Avas improved. 

Other achievements of Dr. Dandy’s include the operative treatment of 
inti’acranial aneurysms, a field in AA'hich he alone achieved much .success for a 
number of years. His operations for tumors of the acoixstic nerves and for 
large lesions of the frontal lobes are almost equally outstanding. His book on 
the treatment of orbital tumors is a classic. At the time of the onset of his 
recent illness he Avas engaged in experimental and clinical studies on the so- 
called “conscious” center. It may be said truly that his intere.st and en- 
thusiasm never Avaned and his imagination and genius led him from one dis- 
eoA'ei'y to another. Dr. Ilalsted once said to Dr. Abraham Plexner and to 
others that he regarded Dr. Dandy as the mo.st brilliant pupil he ever had. 

Despite his busy professional life. Dr, Dandy found time to play golf and 
tennis and his interest in sports in general Avas keen. He took great pride in a 
helmet AA'hich he devised for protecting the heads of baseball players. He Avas 
fond of bridge and Avas a good though someAv'hat unorthodox player. Dr. 
Dandy read extensively and Avas an authority on the history of the Civil War 
period. 

An umisually happy home life Avas Dr. Dandy ’s greatest source of pleasure. 
The congenial life there meant more to him than any outside attractions, and 
it Avas very seldom that he could be induced to leave his home and family m 
the evening. He kept constantly in touch Avith the interests of his Avife and 
children. Walter Jr. is a third year student at the Johns Hopkins Medical 
School, Mary Ellen a freshman at Wellesley, and Kitty Lou and Jlargaret 
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altcnd private schools in Baltimore. The mtcrosling' conversations and the 
pleasant gwe and take between parents and children were delightful. . 

Many knew of Dr. Dandy’s eminence as a neurosurgeon; few were ac- 
quainted witli'his generosit3'’ and his deep interest in students and associates. 
The cold exterior which a neurosip-geon of the formative days of this specialty 
had to assume if he Avex-e to continue in the discoui’aging Avoi’k Avas only super- 
ficial. The student in need Avas aided in pajdng his tuition, the sick house 
officer or nurse Avas sent to a resort for a vacation, the ordei-l.v Avas given a 
home, the sui’gieal department receiA'cd an anonymous gift. Onl.v the I'ocipients 
kncAv of these acts of kindness and generosit.v. 

Dr. DandA" possessed a fortunate combination of qualities: chai’actei', a 
clear-thinking brain, industr.Aq an intuitiA'c imagination, independence of thought 
and action' fearlessness and daring, manual dexteritj’-, and a coloi'ful pei’sonalit.y. 
In a recent editorial in the Baltimore Evening Snn it Avas said, “lie had imagi- 
native genius to eoneehm of ncAv and stai’tling operative techniques, eoui’age to 
try them, and skill — superb skill — to make them successful.” It can be said 
Avithout fear of contradiction that iiledieine has lost one of its greatest men. 

— Alfred Blalock 
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W AlLTER DANDY’S aehievemcnls in the field of neurosurgery are epito- 
mized in this issue of Sukoery by his associates and former pupils on his 
sixtieth birthday. It would be of the utmost value both to neurosurgeons and 
to those whose plan it is to enter this field were Doctor Dandy's articles, 
monographs, and books to be compiled into a complete set of volumes. These 
contributions are truly monumental. 

As one of Professor Halsted's residents Doctor Dandy was well trained 
as a general surgeon, and wa.s introduced early into the surgical reseai'ch labora- 
torj^ This hackgi'ound has contributed greatly to his eminence as an investi- 
gator, teacher, and neiumurgeon. 

One of his earliest and most unique and significant contributions to neuro- 
surgery is the procedure of ventriculography and encephalography. It was con- 
ceived when he, as resident surgeon, noted the presence of air beneath the 
diaphi-agm in a roentgenogram of a tj^phoid patient with perforation. The con- 
trast medium of this air suggested to him its use in replacing cerebrospinal fluid 
to outline the ventricles and subarachnoid spaces. 

His early and sustained interest in hydrocephalus is again sho^vn in a recent 
aidicle. He has advanced the technique of approach to lesions of the cranial 
nerves, acoustic neuromas, and third ventricle and other tumors. These are 
detailed in his comprehensive chapter on the brain found in Lcrvin’ Practice of . 
Surgery. 

I am primarily interested in calling attention to Doctor Dandy’s prestige 
as a teacher. In exacting integrity, alert cerebration, and paramount interest 
in the welfare of each patient, he gave in return a share in the diagnostic, opera- 
tive, and postoperative care of the patient, dependent only upon the ability of 
his assistant. Not content with existing procedures when these seemed to be 
inadequate, his keen observation and deduction often led to a solution which 
meant the saving of a life in an apparently hopeless situation. 

His outstanding success in the accurate localization of brain lesions was 
in each ease due to a most careful considei’ation of the clinical and neurologic 
findings, with comparative study of the ventriculograms, which had in some 
cases been repeated once or even twice. 

Sustained investigative interest in the research laboratory, complete 
honesty in the interpretation of experimental findings, precise clinical diagnosis, 
and analysis of pre- and postoperative procedures — these precepts imply certain 
responsibilities for the training of other's, and appreciation that can never he 
fully expressed. 

— Frederick Leet Jteichert 
Sfin Franci.«eo, Calif. 
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EVOLUTION OF NEUKOSUEGERY THROUGH WALTER E. DANDY’S 

WORK 

David Fairman, jM.D., Buenos Aires, Argentina 

Y/HEN I vas Dr. Cushing’s resident, during the years 1911 and 1912, two 
Xw intracranial tumors were removed, one survived.” This fact, told by 
Walter Dandy to his pupils in a lecture delivered this year, gives an idea of the 
situation of neurosurgery of that time. At that period in the development of 
the surgery the localization of brain tumors was largely guesswork, and most 
tumors were found by trial and error, with only occasional successes. The 
usual procedures were explorations and decompressions to relieve intracranial 
pressure. It was hoped that eventually localization would appear before the 
patient’s death. 

Dr. Dandy’s discovery of ventriculography made it possible to diagnose 
accuratel}' nearly all tumors and, when pi-esent, to localize them with precision. 
Exploratory cranial operations were no longer justified, decompressions were 
eliminated, and exposures of brain tumoys were made with accuracy because 
their location was known beforehand. 

From 1910 to 1917, among Dandy’s different works we have the series of 
brilliant and thorough experimental, pathologic, and clinical studies of hydro- 
cephalus. Before his discovery of the cause of hydroceplialus, it was described 
in all textbooks as an idiopathic disease, and therefore no reasonable therapj' 
was used. Dandy’s experiments on animals bj" placing an obstruction in the 
aqueduct of Sylvius, foramen of Monro, or cisterna, reproduced every type of 
hydrocephalus. He discovered the place and manner of formation and absorp- 
tion of cerebrospinal fluid. He Anally checked the experimental studies by 
pathologic studies on human material. As a result, hydrocephalus has been 
emancipated .from the diminishing group of - so-called idiopathic diseases. 
Dandy’s fundamental statements were as follows: 

1. Fluid forms in the cerebral ventricles from the choroid plexuses but is 

not absorbed there. ' 

2. Fluid is absorbed from the entire subarachnoid space over the cerebral 
and cerebellar hemispheres and spinal cord; the major part of the absorption 
is over the cerebral hemisphei'es. Absorption is directly and solely into the 
blood by way of the capillaries of the pia arachnoid, it is not through the pac- 
chianian granulations or stomata as taught in most textbooks of anatomy and 
physiology'. 

fl. Tlicrc must, therefore, be free escape of fluids from the ventricles into 
the cisterna magna and into the subarachnoid .spaces over the cerebral hemi- 
spheres. If an obstruction exists at any point between the place of formation 
and place of absorption of fluids, the cerebrospinal fluid will continue to ac- 
cumulate up to the point of the obstruction, hydrocephalus therefore resulting. 

oSl 
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4. Clijiical test: In order to know wkctlier the obstruction is in the ven- 
tricles or sribaraclmoid space, an inert colored solution such as phenolsulfon- 
phtbalein is injected into the spinal canal and later tested for in the fluid of 
the lateral ventricles. If the dye docs not come through, the block is in the 
ventricular system; if it does come through, the block in is the cisternae. 

5. The three operations which were devised were based on this accurate 
anatomic, jdiysiologic, and clinical knowledge; (a) Tliird ventriculostomy (floor 
of ventricle) to be used for obstruction at the aqueduct of Sylvius, (b) Recon- 
struction of now foramen at fourth ventricle when the foramina of Lusehka and 
iilagendie are occluded, (c) The bilateral I’cmoval of the choroid plexuses from 
the lateral ventricles when hydrocephalus is due to a cisternal block, and later, 
if necessary, cauterization of choroid plexuses in foramina of Lu.schka and 
Slagendie. 

Diagnosis and Trcainieyii of Siricinres ai the Aqitcduct of figlvius (the 
Iter). — In July, 1945, Dandy published his woi’k "Diagnosis and Treatment of 
Strictures of the Aqueduct of Sylvius (Causing Hydrocephalus).’’ In this work 
he gave the results of his experiences of neai-ly twenty-five years in this group 
of hydrocephalics. 

In 1922, Dandy proposed an anterior third ventriculostomy in the floor 
of the ventricle through a small supraoi'bital approach. 

In 1932, ho substituted a lateral a*pproach to the third ventricle by the tem- 
poral route and this has since been used exclusively. 

Dandy demonstrated that structures of the aqueduct of Sylvius are diag- 
nosed in infants and children by (1) the dye te.st indicating an obstruction, 
plus (2) a low inion, and (3) usually without ventriculography. 

In his recent work Dandy made the following fundamental statements; 
(1) An oversized head with IMaccwen’s sign (cracked pot sound) and (2) an 
inion normally placed or at times loAver than normal indic.atcs that the hydro- 
cephalus is due to a stricture of the iter. (3) If the inion is higher than normal 
under the same conditions, the obstruction is at the foramina of Lusehka and 
IMagendie (because the enlarged fourth ventricle, or Uimor, pushes the inion 
upward). 

Third ventriculostomy, or temporal approach, is the 0 ])erative choice for 
hydrocephalus due to a stricture of the aqueduct. It is much superior to the 
anterior approach because (1) external hydrocephalus does not follow; (2) it is 
not necessary to section the optic nerve; (3) the scar is under the hairline. 

Cures arc attained in most case.s when the patient is more than 1 year old 
and in less than one-half the cases of infants. 

Excellent results were obtained in twenty-nine cases (patients over 1 year 
of age). From this group twenty -four are still living and cured. The time 
since operation is between six months and one year in two cases; between five 
and eleven years in eleven cases; and, finally, between ten and twenty-three 
yeai’s in four cases. 

The Treatment of Ohstructions of the Foraminet of Magendir. and Lnschha. 

In 1921, Dandy published "The Diagnosis and Treatment of Hydrocephalus Due 
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to Occlusions of the Foramina of Magendic and Luschka.” In this work, Dandy 
described a group of cases of hydrocephalus caused by closure of tl\c foramina 
of Luschka and IMagendie, showing the pathology by post-mortem specimens, 
describing the means by which it can be diagnosed clinically, and introducing 
his operative procedure to produce its cure. 

Dandy stated that there arc two types of occlusions of the foramina of 
Luschka and klagendie : One, which occurs congenitally, may or may not be 
the result of an intrauterine inflammation ; the second, which occurs at all ages, 
always follows some form of meningitis. 

Dandy demonstrated from ])ost-mortem examinations that the closure of 
the foramina of Luschka and llagcndie in the same brain will, without exception, 
result in hydrocephalus because, there are no collateral channels by which the 
fluid can be carried from the ventricles to the subarachnoid spaces. 

Vcntriculogruphy . — Although each of Dandy’s work establishes a landmark 
in the history of neurosurgery, his discovery of the ventriculography in 1918 
started a new epoch, not only from the technical point of view but from the 
intellectual, since it transformed radically and integrally the mental conception 
of neurosurgery, replaeing the existing dogmatism and empirieism with a 
realistic judgment and authentic scientific criterion. 

It was in the same year, 1918, that the most prominent Argentine surgeon. 
Dr. Eicardo Finochietto, visited Dr. Dandy, seeing him perform in one day 
five operations, using in each a technique that he had devised. On that date 
began the cordial friendship between the two masters, to be so profitable later 
for the progress of Argentine neurosurger.v, through their pupils. Through 
this friendship I became one of Dr. Dandy’s pupils. 

In 1920 Dandy published his work, “Localization or Elimination of Cerebi^^al 
Tumors by Ventriculography.’’ In this he made the following statements: 

‘ ‘Ventriculography is invaluable in the localization of obscure brain tumors. 
So-called unlocalizable tumors comprise at present over half of the total 
number. ’ ’ 

“Practically all brain tumors either directly or indirectly affect some part 
of the ventricular s.v.stem.’’ 

“Local changes in the size, shape, and position of one or both ventricles as 
shown by the ventriculogram will accurately localize most obscure tumors of 
either cerebral hemisphere.” 

“Every effort should be made to localize the tumors before resorting to any 
operative procedures.” 

“The usual subtemporal decompres.sion is useless and dangerous when a 
hydrocephalus is present, i.e., when the tumor is in the brain stem or cerebellum.” 

“A si\boccipital decompression (cerebellar operation) is extremely danger- 
ous when tlie lesion is in the cerebral hemisphere.” 

“To differentiate between cerebral and cerebellar lesions is frequently one 
of the most difficult tasks in intracranial localization. Ventriculography at once 
separates these two groups and indicates the operation of choice,” 
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In later works Dr. Dandy propounded the following fundamentals of 
modern surgei-y of the brain : 

"Brain tumors arc among the most frequent neoplastic lesions in the body; 
their growth is always progressive and almost always leads to a train of terrible 
sequelae and eventually to death.” 

"There is only one fomi of treatment of tumors of the brain, operative 
removal, and this must be complete.” 

"To obtain the best operative results, brain tumors must Ijc diagnosed and 
localized in the earliest stages.” 

"It is now pos.sible to diagnose and localize practically cveiy tumor and in 
the early stages. When all other signs and .symptoms fail in tlie localization, 
cerebral pneumography will make tlie diagnosis and localization with precision 
and without equivocation ; and when a tumor is not present, it can be excluded 
by the same method. ’ ’ 

"The operative approach will be dictated by the precise localization. The 
approach should afford adequate room, and it should be directly over the tumor. 
After correct localization all brain tumors should be disclosed at operation.” 

"Every effort should be made to cure the patient by complete extirpation 
of the growth. There is less mortality from carefully performed tumor extirpa- 
tions than from unsuccessful exploi'ations for tumors. When, for any reason, 
it is impossible or unjustifiable to remove the tumor, the maximum palliation 
should be given at the same operation.” 

"Decompressions routinely performed are among the most harmful and 
indefensible operations in surgery. Thej' should never be performed for un- 
localizable tumors; they are the exact eqi\ivalent of giving morphine for ab- 
dominal pain. The symptoms are masked xintil it is too late. Decompression 
should be performed only as a last resort when the tumor cannot be removed 
and then onlj'- after the location of the tumor is Imowii; for in half the cases 
of brain tumor, no good can possibly be derived from a decompression.” 

"About 50 per cent of brain tumors can be localized by a neurological 
examination, and about 15 per cent more can be localized with the x-ray without 
air injection. In the remaining 35 per cent the injection of air can alone make 
the localization. It is a dangerous proceure and should be xised only when 
necessary. ’ ’ 

Today, twenty-five years later, these revolutionary statements form the 
backgroxind of modern neurologic surgery. 

Acoustic Tumors . — In 1922 Dandy’’ published a preliminary’ report and in 
1925 a complete work, entitled "An Operation for the Total Removal of Cerebello- 
pontine (Acoustic) Tumors.” Considering that mo.st frequent tumor of the 
eerebello-pontine angle is the acoustic neuroma, which is a potentially benign 
lesion usually’ easy’ of recognition, nevertheless it had presented surgical problems 
which were well nigh insuperable. At the International Congress of Jledicine 
in London in 1913, the three great European surgeons, Horsley of London, Efsels- 
berg of Vienna, and Krause of Bei’lin, who had in such large measure been re- 
sponsible for the birth and growth of brain surgery, presented their results on 
the extirpation of cerebellopontine tumors to that date. Horsley had ten opera- 
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tive deaths iii fifteen eases (67 per cent), Eisclsberg had thirteen deaths in seven- 
teen cases (77 per cent'), and Krause Jmd twenty-six deaths in thirty-one cases 
(84 per cent). Krause admitted that they yielded the poorest results of all the 
brain tumor operations, itll of the accumulated technical advances of a quarter 
of a century had made no improvement in the results. At any rate the 
continuance of an operation carrying such an astovmding mortality after 
such an exhaustive trial was impossible. The reaction came with the publication 
in 1917 of Cirshing’s important monograph on acoustic tumors, and with it a 
modified treatment. He accepted the only conclusion which the foregoing results 
and experience of his own could justify, that is, “I doubt very much, unless 
some more perfected method is devised, Avhether one of these tumors can ever 
with safety be totally enucleated.” He no longer attempted to enucleate these 
tumors totally but was content to offer a method' by which the tumor could be 
removed partially (intracapsular enucleation). Cushing’s contribution was the 
only important advance in the treatment of cerebellopontine tumors up to that 
time. 

In 1925 Dandy presented his operative procedure by which cerebellopontine 
tumors can be removed eompletel 3 ^ After a thorough and carefully guarded 
intracapsular enucleation, the capsule of the tumor is painstakingly dissected 
from the brain stem. In 1934 Dandy introduced the unilateral approach greatly 
simplifying the procedure. About this procedure Horrax said : ‘ ‘ The unilateral 
approach and total removal has become accepted more and more as the best mode 
of attack. This method was described first by Dandy in 1922 and enlarged 
upon by him in 1934.” 

Not only did Dandy’s method allou' the complete extirpation of the tumor, 
l)ut also he gave a scientific explanation of why it carried the minimal mortality. 
He demonstrated that without doubt the danger of cerebellar decompression is 
proportionate to the degree of hydrocephalus Avhich is present at the time of 
operation, and that the removal of the occipital bone at once liberates the pres- 
svu’e in the posterior cranial fossa. But this benefit is at once countered, and 
may be greatly exceeded, by the injurious effects of the backward pressure on 
the tentorium (hydrocephalus) and its full force is now exerted without opposi- 
tion upon the delicate brain stem, jamming it backward. He also demonstrated 
that when the tumor is removed, the obstruction of the aqueduct of Sylvius is 
released, and the hydrocephalus automatically cured and its ill effects obviated. 
Tins obtains only at times udth subtotal intracapsular enucleation. 

In his publication of 1934, Dandy made the operation much simpler and 
safer by removing the outer cap of the cerebellum before beginning the extirpa- 
tion of the tumor. 

And at last he demonstrated that the operation which at once removes the 
cause not only carries the lowest mortality, but at the same time offers the best 
immediate and only permanent re.sults because these tumors do not recur. The 
mortality in removing these tumors is now le.ss than 3 per cent. 

Trnnoi-s in ilic Third Ventricle . — ^Up to 1921 a most interesting and im- 
liortant group of benign encapsulated tumoi’s lying within the third ventricle 
had remained outside the fields of diagnosis and treatment, and therefore the 
patients with this kind of tumor were condemned to die. On Sept. 30, 1921, the 
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discoverer of the vcnlriculographj- was the first to demonstrate that with the 
mechanical evidence of the ventriculography it was possible to diagnose and 
localize the tumors of the third ventricle with the greatest accuracy and ccr- 
taint.v, a fundamental ])rcre(!uisite for their surgical attack. 

On October 18 of the same year Dandy was the first to perfoj'in an opera- 
tion extirpating completely a tumor of the third ventricle, wilii an excellent 
result. 

Later from his surgical experience he collected twenty-one cases, ])ublishing 
in 1.933 his book, Benign Ihmors in the Third Veniridc of ilic Bruin-: Diagnosis 
and Treatment; all of these tumors had been disclosed at operation and removed. 

Up to 1933, from the literature forty-seven tumors of similar character 
had been reported, but all of tiiese were post-mortem findings, none having been 
correctly diagnosed during life. 

In his book, Dandy presented the three methods of operation that he de- 
vised; (1) by the pineal route (pasterior approach), (2) by the hypophyseal 
route (anterior approach) with or without resection of the frontal lobe, and 
(3) along the midlinc and anterior to the Rolandic area, used for cysts of the 
eavum septi pellucidi and eavum Ycrgae. 

Tumors in the Lateral Ventricles. — The first primary benign tumor in the 
lateral ventricle to be found at operation and completely removed was reported 
by Dandy in 1920. The patient is still living. 

The lopdization was made by ventriculography (on Oct. 23, 1918), after 
three attempts to find the tumor had been unsucce.ssful. This happened to be 
the fir.st brain tumor to be localized by this method. 

In 1934 Dandy published his book. Benign, Eneapsulated Tumors in the 
Lateral Ventricle of the Brain: Diagnosis and Treatment. In this book thirteen 
benign eneapsulated tumors in the lateral ventricles of tlie brain are reported, 
all of which had been disclosed at operation and removed. None of the twenty- 
five additional cases found in literature had been diagno.sed during the life of 
the patient or removed at operation. He demonstrated that the encapsulated 
tumors in the lateral and third ventricle are most rewarding exceptions to the 
ill-founded general rule, which long held neurologic surgeons in restraint, that 
“every tumor below the surface of tlie brain is a glioma.” Dandy stated that 
the wisdom of such a rule in the day.s before accurate localizations of intra- 
cranial tumors cannot be riuestioned, but at tlie present time a far better dictum 
is “actually to see every brain tumor (there are occasional exceptions) and to 
Iniow whether it can or cannot lie removed.” There are now no tumors giving 
signs or symptoms that cannot be diagnosed accurately, localized precisely, and 
disclosed at operation. He demonsti’ated also that none of the tumors in the 
lateral ventidcles of the brain can be localized from the analysis of the signs 
and sjmiptoms but all can be localized Avith absolute precision by means of 
A^entriculography. 

Operations for Trigeminal Neuralgia, Meniere's Disease, and Glosso- 
pharyngeal Neuralgia . — 

Trigeminal Neuralgia : While deA'eloping his operation for the remoA'al of 
acoustic tumors, Dandy saAV the possibility of using the same cerebellar route for 
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the treatment of trigeminal neuralgia. In February, 1925, he prc.sentcd hi.s 
operative procedure bj" which the sensory route of the trigeminal nerve was sec- 
tioned alongside the pons and discovered that all the liabilities of the old opera- 
tive procedure were avoided. In 1932, Dandy pointed out the following ad- 
vantages, based on 250 cases, of the subcercbcllar route ; 

1. In no instance had there been postoperative keratitis. The reason for tlie 
absence of keratitis, which is one of the principal complications of the tcm])oral 
route, is that onlj' an instant is required to divide the nerve after exposure under 
the cerebellum. The keratitis was trophic, as a result of operative trauma to the 
gasserian ganglion, and this sequel was not due to loss of sensation as had been 
supposed. 

2. The motor root of the nerve was never injured because it is at a greater 
distance from the sensory root than at any othei' point of its course. This is all 
important in cases of bilateral tic douloureux. 

3. The seventh nerve was not injured, because it was a safe distance from 
the fifth nerve. 

4. In one out of every twenty cases (5 per cent) a tumor was llie cause of 
the neuralgia and would have been missed if the temporal route had been used. 
When the tic douloureux is caused by a tumor, it is impossible to differentiate 
by clinical tests. 

Analyzing brain tumors, affecting the fifth nerve. Dandy demonstrated that 
always the tumor is on the sensory root of the fifth nerve — there being many of 
them, he found that there is never one on the peripheral branch of the nerve that 
causes this pain ; never is there one at the gasserian ganglion when the attacks 
are typical. 

Dandy made the fundamental statement that only a lesion in the upper 
neuron, that is between the ganglia of the nerve and tlie brain stem, can give a 
paroxysmal pain. In view of this fact, unnecessary peripheral treatments are 
avoided and the frequently assumed causal relationship of trigeminal neuralgia 
to peripheral infections is eliminated. 

Trigeminal neuralgia has for many years been regarded as idiopathic, but 
in 1940 Dandy, on the basis of over 500 cases, demonstrated that nearly always 
there is a very definite underlying cause for it. In 5 per cent of the cases, a 
tumor or anuerysm will be in the cerebellopontine angle, pressing upon the fifth 
nerve and causing this pain. In nearly all of the remaining cases an artery will 
be found on either the under surface or the outer surface of the sensory root. 

It is the pressure of this artery upon the bare sensory root that causes the 
tic pain. This explains why the pain appears in the later part of life; it is 
when the artery hardens from sclerosis. 

Furthermore, in later works, Dandy gave the explanation of a fundamental 
physiologic fact. AVhen the posterior one-half or even three-fourths of the 
sensory root of the fifth nerve is sectioned, it is possible to preserve practically 
the entire sensation of the face and at the .same lime to cure the pain, regardless 
of the branch or branches involved. This is due to the fact that, with few ex- 
ceptions. all the pain fibers are collected in the posterior half of the sensory trad. 
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Sensations to the face are preserved when tiiree-fourths of a nerve is divided, 
because of the redundancy of fibers carrying the same function. 

Meniere’s Disease: In 1928, Dandy devised an operation for the surgical 
treatment of IMeniere’s disease, publishing a preliminaiy report with nine cases. 

By 1945 Dandj^ had operated upon the auditory nerve 682 times for 
lleniere disease, with one death due to meningitis. 

At first the nerve Avas totally divided, but in 1933 Dand^" demonstrated 
that the vestibular branch of the nerve can be divided leaving the auditory 
branch and consequently not impairiiig the heai’ing, In fact, Dandy found that 
division of even three-fourth of tlie auditory diA-ision of the nerve doe.s not affect 
the hearing, apparently because of redundant fibers .carrying similar functions, 
and this permits a good margin of safety in insuring destruction of all vestibular 
fibers that may be included Avith the auditory fillers. 

Dandy stated that in about 10 per cent of the patients Avith lleniere’s at-- 
tacks both nerves are affected and lie demon.stratcd these facts : 

1. After both vestibular nerves arc sectioned tlie gait is normal and the Rom- 
berg negative. 

2. There are tAvo aftereffects: (a) Jumbling of objects Avhen the patient 
is in motion; AA'hon at rest objects are stationary. ()>) Uncertainty, AA'lien the 
patient is Avalking in tlie dark. 

3. These tAvo disturbances are due to the A-ery intimate association betAveen 
the vestibular and the visual apparatus in human beings. 

At the present time most textbooks carry the statement that ^Meniere's dis- 
, ease is due to a hemorrhage in the internal ear (Meniere’s original demonstration 
in one case) but Dandy demonstrated the folloAving fundamental facts: 

1. Since both the vestibular and cochlear divisions of this nerve arc involved, 
it is evident that the lesion is in the nerve itself and cannot therefore occur in 
the semicircular canals. 

2. The causative lesion must be in the nerve and not in the end organs be- 
cause the attacks are paroxysmal. 

3. The attacks of j\Ieniere’s disease are unquestionably similar to the parox- 
xysmal attacks in trigeminal neuralgia, glossopharyngeal neuralgia, and epilepsy. • 

4. A peripheral lesion cannot cause recurring paroxysmal attacks. Ahvays 
a higher neurone, and never a peripheral nevve or end organ, is the site of the 
lesion causing pai-oxysmal attacks. 

5. The cases of vestibulitis folloAving mastoid infection are quite dissimilar 
in that the dizziness is continuous Aintil the infection is over, and then does not 
recur in paroxysmal attacks. 

The pathology of Meniere’s disease has been studied rarely and the fcAV 
reports have been concentrated upon the semicircular canals. In 560 eases ex- 
posed at operation. Dandy found (1) tumors at the vestibular nerve in ten cases 
(2 per cent), (2) an encircling artery constricting the nerve or a large artery 
Iving upon it in 20 per cent, and (3) no gross lesion visible in the I'emaining 
cases. 

Dandy called it pseudo-kleniere ’s disease Avhen they are exactly the same 
dizzy attacks, but AA'ithout unilateral loss of hearing and Avithout tinnitus. Dandy 
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stated that it is quite probable that iJseudo-Menierc’s disease is, at times at least, 
oiil}'' a beginning’ Meniere’s disease in which the tinnitus and deafness have not 
yet appeared. 

In 1939, Dandy published an experimental study of the central connections 
of the vestibular pathways. He found that the results following section ol the 
vestibular nerves in animals are completely different from those obtained in 
' human beings, therefore, their transfer to man is impossible. In this experi- 
mental work Dandy demonstrated five points-, 

1. Section of either eighth nerve results in frequent spells of violent 
whirling of the body ahvays to the side of the lesion. 

2. Section of both nerves results in violent whirling to either side. 

3. After removal of half or all of the cerebellum there is no whirling jhove- 
ment. 

4. After section of the eighth nerve and removal of the cerebellar lobe of 
the same side, violent rotation follows and the whirling is to the same side. 

5. After section of one eighth nerve and removal of the opposite cerebellar 
hemisphere no whirling results. The central control of whirling movements, 
therefore, is conti’alateral to the eighth nerve. 

Glossopharyngeal Neuralgia . — ^Up to 1927, the operations employed in 
glossophaiyngeal neuralgia had been of the peripheral type. Besides the diffi- 
culties of isolating the ninth nerve in the neck without injuring the vagus, the 
objection remained that regeneration of the nerve is certain to follow its division 
peripherally. 

On April 6, 1927, Dandy was the first to perform an intracranial section 
of the ninth nerve in the posterior cranial fossa for this disease — an operation 
almost devoid of danger, and productive of permanent cure without disability. 

The first accurate knowledge of tlie function of the glossopharjmgeal nerve 
was obtained b}'- Dandy when he divided the nerve intracranially. 

Isolated loss of fianetion of the ninth nerve had not been known. All pre- 
vious observations had been made on relatively gross injuries either from tumors 
or trauma. In all of these some fibers of the vagus liad been injured as well as 
the glossopharjTigeal nerve, and functions had erroneously been accredited to 
the latter, which in reality belonged to the former. 

Dandy demonstrated that there was no perceptible motor function in the 
ninth nerve, the pharyngeal muscles being normal after its intracranial section. 

Anatomists state that the stylophai-yngeus muscle is the only muscle sup- 
plied by the ninth nerve but Dandy showed that paralysis of this muscle cannot 
be demonstrated by any loss of function. 

Dandy stated tliat tlie ninth nerve supplies taste for the posterior third of the 
tongue, but does not supply taste to the whole tongue, a view long held by 
Lueiani and by many physiologists even at present. 

The sensory distribution of the glossopharjnigeal nerve was shown by Dandy 
to be in the posterior third of the tongue, the anterior lateral and posterior walls 
of tlie pharynx, the vallecula, and the pyriform sinus. 

Cnre of Pain in Malignant Lesions of the Mouth . — In July, 1929, Dandy 
1 )ubli.shcd his work “Operative Belief Prom Pain in Lesions of the Mouth, 
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Tongue and Throat.” Tn this Dandy inti’oduced an operation for the complete 
and permanent relief from pain associated with ciironic and malignant lesions 
of the mouth, nose, longue, and tliroat. He stated that there is no other way 
of permanent relief, when the pain is referable to the sensorj' domain of both 
the glossophaiyngeal and trigeminal nerves on one side. 

Dandy demonstrated that (1) under such conditions the glossopharyngeal 
nerve and the sensory root of tlie trigeminus can l)e divided at the brain stem 
(Dandy's .subcerebellar approach), both nerves being exposed simultaneously 
in the same operative field; and (2) Imth nerves can be divided easily, quickly, 
and with practically no danger to life of function. 

Operation for 'Torticollis . — In April, 1928, Dandy devised an operation 
by which the first, second, and tliird cervical motor rooks Avere divided intra- 
spinall 3 * on eacli side and Imtli spinal accessory nerves vrere sectioned in the 
neck, all at the same operation. He published this work in 1930 under the title 
‘‘An Operation for the Treatment of Spasmodic Torticollis.’’ 

The onl.v modification that Dand.A' since added to the procedure is to include 
the fourth cervical motor nerve on both sides. He demonstrated that this 
definitelj" adds to the percentage of cures and does not affect the phrenic nerves. 

Recently Dandy pointed oxAt the excellent results obtained in a series of 
fifty operations that he performed. . 

Dandy stated that in most instances spasmodic torticollis is undoubtedly 
of organic and not of functional origin. 

Epilepsy. — Epilepsy had always been considered as an idiopathic disease. 

Dand3’’s experiments on animals, clinical impressions on Imman patients, 

. observations from a series of operations pei-formed by him on the brain of 
.jpatients with epilepsy, and post-mortem studies of their brains, have entirely 
emancipated epilepsj- fi'om the diminishing groiip of so-called idiopathic diseases. 

In 1925, through a series of expei'iments on animals Dandy demonstrated 
these points; 

1. That Avlien tlie motoi- cortex of dogs or cats had been in,iured bj' an 
incision or b.v inclusion of a foreign bod.v, si)ontaneous convulsions appeared 
from time to time thereafter. 

2. That subsequently after a period of many weeks and months convul- 
.sions could be induced bj' ah.sinth, witli from one-third to one-seventh of the 
dose required to produce convulsions in the normal animal. 

3. That in.iuries to other parts of the brain did not produce results so 
.striking, but .sugge.sted a lowering of the convulsiA-e thre.shold. 

4. That the motor cortex once in.iured thereafter lowers the threshold 
at which convulsions appear. 

5. That in these animals, therefore, just as in human beings, the margin of 
safetj^ which is the difference between tlie normal and the epileptic condition is 
permanently lost Avhen a cerebral lesion of long standing exists. 

From a close studj' of a large series of patients with epilepsj' resulting from 
tumors of the brain, Dandj' observed that clonic convulsions, Avhether Jacksonian 
or o-eneralized, are due to those tumors which are localized in the cerebral 
hemispheres, that is, excluding the brain stem and cerebellum. 
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Tlie series of experiments on ilop:s, reported by Dandy in 1927, explains 
the reasons for these conclusions. In the.se experiments Dandy demonstrated 
several facts ; 

1. Clonic convulsions were induced by faradic stimulation of the motor 
cortex or subeortex but not cerebellar hemi.sphercs. 

2. AVhen, during a localized clonic convulsion, the motor cortex of the 
controlateral side is excised by a sweep of the knife, the convulsion instantly and 
completely ceases. 

3. When, during a genei’alized clonic convulsion, tlie motor cortex of one 
side is excised by a sweep of the knife, the contralateral side instantly ceases to 
convulse, but the course of the convulsion on the opposite side is iinaffected. 

4. When, during a generalized convulsion, the motor cortex of both hemi- 
spheres is excised by two rapid sweeps of the knife, the convulsion instantly 
ceases in all parts of the body. 

5. When, after excision of the motor cortex of both cerebral hemispheres, 
the subcoi'tical motor tracts of either side are stimulated with stimuli of any in- 
tensity, clonic convulsions either localized or general could not again be induced 
in any part of the body. 

6. After excision of the cerebellum, stimulation of the intact motor cortex 
produces clonic convulsions precisely as before the cerebellum was removed. 

By these experiments. Dandy showed tliat (a) only stimulation of the 
motor cortex or its subjacent fil)ers (with the motor cortex intact) can produce 
clonic convrdsions; (b) this specificity of function similarly obtains in the human 
motor cortex and is pro])ably a function of the pyramidal cells; (c) clinical 
evidence indicates that the attacks of epilepsy, of which the convulsions are a 
part, may or may not begin in the motor cortex but without the motor cortex, 
tlie convulsions could not develop. 

In 1925 Dandy emphasized the close analogy l)etween epilepsy azid tri- 
geminal neuralgia. Furthermore, in later works, Dandy made the following 
fundamental statements ; 

1. The attacks of epilepsy are precisely similar to the paroxysmal attacks 
in trigeminal or glossopharyngeal neuralgia and Meniere’s disease. 

2. It is impossible to produce recurring spasmodic attacks of convulsions, 
of dizzine.ss, or of pain, except by a lesion in the upper neurone. 

3. Involvement of a higher neurone is essential for the production of any 
paroxy.smal attacks. Epilepsy cannot be produced by any lesion along the 
peripheral nerves. It can only result from a lesion in the cerebral hemisphere. 
From his experimental, pathologic, clinical, and surgical .studies, Dandy pre- 
sented a sufficient number of unquestioned facts to place epilepsy unequivocally 
upon a pathologic instead of an idiopathic basis. 

Pincnl 7’unio?\<f.— Up to 1921, tumors of the pineal body had rarely been 
diagnosed, and almost all had been accidental findings at necropsy. The absence 
of a correct localization of this lesion had precluded any operative interference 
with this region. 
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Dandy’s operations for Irigeininal neuralgia and for cerebe!loj)ontinc and hypo- 
physeal tumors. 

Orbital Tuviors. — Up to 1920, llie nietiiods of a])pr()aeh to the orbit were 
often totally inadequate for the removal of orbital tumors. In 1921, Dandy 
devised an operation which permits removal of combined intraorbital and intra- 
cranial tumors. Eighty ])er cent of orbital tumors extend intracranially ; they 
may arise intracranially or intraorbitally, the former more frequently. Jlore- 
over, growths that are restrieted to the posterior })ai’t of the orbital cavity are 
much better removed by this attack. 

The great advantage of Dandy’s operation lies in the much fullei’ and safer 
exposure of the intraorbital contents. The optic )icrvc, the eyeball, tlu’ee of the 
extraocular muscles, and the ophthalmic veins and arteries can be exposed and 
avoided during the dissection of the orbital tumor. 

Dandy used, in his operation, the operative ap])roaeh that he devised for 
hypophyseal tumors. He found that swelling of the brain that so commonly 
follows ether anesthesia is avoided when avertin is u.sed, and for that reason 
the size of the bone flaj) necessary for the exposure of the base of the brain can 
be greatly reduced and simplified. 

Dandy’s transcranial a])proach carries very little risk, and it offers the 
maximum hope of cure without cosmetic defects. 

For tumors confined to the orbit Dandy’s operation offers a far better e.x- 
posure of the tumor tliau is i)ossible by any other method and with less injury 
to intraorbital muscles and nerves. Complete di.sseetion of the tumor is much 
better done by this approach. 

In 1941, Dandy published his book Orbital Twnors: licsnlis Following the 
Transcranial Operative Attack. Tliis book sets a milestone in the study of the 
pathologj’ and .surgical treatment of orbital tumors. 

From his wide surgical experience, Dandy presented a series of twenty-four 
patients with intraorbital tumors operated upon by the transcranial route with 
a very low operative mortality (4.1 per cent). Of the series of twenty-four 
tumors 20 per cent were confined to the orbit and 80 per cent were combined 
intraorbital and intraci-anial growths. 

Dandj' stated the following facts : 

1. From the clinical examination of patients with exophthalmos it is not 
usually possible to tell whether or not there is an intracranial extension of the 
orbital tumor. 

2. Frequently the orbital tumor is but a small fraction of the large but 
silent intracranial tumor, which is usually the px’imary growth. 

3. Only the transcranial approach will offer solution of the problem. 

4. Once a tumor has lieen attacked by an exteimal operative approach, the 
possibility of cure In- a subsequent intracranial approach is greatly 1es.sened and 
may be impossible. 

Defective Intervertebral Disks. —In 1929 Dandy published his discovery of 
two ruptixred lumbar intervei’tebi'al disks under the title of “Loose Cartilage 
From Intervertebral Di.sks Simulating Tiunor of tlie Spinal Cord.” Tliese are 
now practically the commonest lesions on which .surgery is done. These weie 
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the first intervertebral disks disclosed at operation and recognized as sucli. At 
that time lie snggested that they were probably responsible for many cases oi 
sciatica. 

In his later publications on this subject (1943-19-14) he has greatly .simpli- 
fied the diagjiosis and introduced improvements tliat iiavc insured ]:>cvmanent 
cures. He and his staff have now done operatioirs on over 2,000 dtslcs. He di.s- 
eiosed the importance of the small disks which he called *' concealed” disks. 
Dandy's concealed di.sk.s give precisely the same symptoms a.s tlm large ones, the 
only difference being the intensity and per-sistenec of the symi)tom.s, backache 
with or without sciatica; they comprise three-fonrtiw of the total number. None 
of these can he detected by contrast media. 

Dandy’s method to determine which of the disks is involved includes four 
])oints ; 

1. The roentgenogram shows a narrow interspace in 75 per cent of the cases; 
narrowing of the di.sk is pathognomonic of a defective di.sk. (Until recentlj’", de- 
fective disks were diagnosed only by injections of iodized oil, air, or other con- 
trast mediums into the spinal cord. Dandy demonstrated that these are never 
necessary and are alway.s inadvisable, frequently }nisleading and harmful.) 

2. If there is a dimhuxtiou or absence of aii Achilles reflex, the disk will be 
at the fifth in most instances. 

3. The disks at the second and third are usually localized by pain in the 
front of the thigh ; the others give pain in the back of the leg. 

4. When these tests are still iiegative, the affected disks can be localized at 
operation by horizontal pressure upon t})e spinous process. This determines the 
mobility of the Joint and a defective disk will usually cause increased movement 
at the affected Joint. The exce})tions to this nde are in narrow intervertebral 
spaces shown roentgenologieally ; there may then be no mobility or less than 
Jiormal. 

Based on his accurate anatomic, p3).v.s}ologic, and clinical knowledge, Dandy 
devised his operative procedure proposing the thorough removal of the affected 
disks after M'hich a fusion of tlie entire vertebral surfaces results. Dandy stated 
that the anatomic deviation of the lower Inmbar lateral facets is the primary 
cause of defective disks. He demonstrated the following points; 

1. Ilis procedure does what nature attempts to do slowly over many years 
as i.s evidenced by the narrowing in tlie x-ray appearance. 

2. After complete removal of disks the' fusion of tlie spinal column is more 
nearly perfect than the most sucees.sful bone graft can lie, and at the same time 
the cause is removed, 

3. In tl\e treatment of ruptured disks a spinal fusion by ijone graft is never 
imcessary and cannot he too strongly condemned. 

In August, 1944, Dandy published 3ns article: “Treatment of Recurring 
Attacks of Low Backache AVithout Sciatica,” In this fundamental work he 
makes the following statements; 

1. Recurring attacks of low lumbar backache without sciatica have precisely 
the .same underlying eause as haekaebes plus sciatica, that is. defective inter- 
vertebral disks. 
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2. The diagnosis oi! defective disks is made solely froin the history, the 
neurologic examination (frequently negative), and x-ray examinations of the 
spine. 

3. Defective disks are multiple at least in 80 per cent of tiic cases, with or 
without sciatica. 

4. All spinal in.icetions for diagnosis or localization are unnecessary; they 
are painful and at best make the diagnosis in only 25 per cent of the cases, 
whereas over 98 per cent can be diagnosed and localized without them. Even 
simple x-ray films alone diagnose more than 75 per cent. Spinal injections of 
any type should be strongly condemned. 

In Januai'y, 1945. Dandy i)ublished his work, “The Treatment of Spondylo- 
listhesis.’' Heretofore the standard treatment for siiondylolisthesis has been 
spinal fusions with autogenous grafts. 

Dandy demonstrated these facts: 

1. Subjectively and objectively, spondylolisthesis is precisely like defective 
intervex-tebral di.sks, only the x-ray differentiated the two conditions. 

2. In at least 90 i)cv cent, and probably all of the cases, there arc two or 
three disks (including the one at the site of the si)ody]olisthesi.s) causing the 
backache and .sciatica and a cure depends on the recognition and treatment of 
all tlic affected disks. 

3. A cure results when the disks are completely removed. The end result 
of removal of the di.sks is fusion of the opposing vertebrae and therefore stabiliza- 
tion of the spine. 

4. Spinal fusions by grafts arc never indicated either for spondylolisthesis 
or for defective intervertebral dislts. 

Rliinorrhca and Oiorrhea . — The first successful tvoatraont of rhinorrhea was 
I’eported by Dandy in 1926. Autogenous grafts of fascia lata were sutured over 
the dural oiieuine: behind a depressed fracture of the orbit and the frontal sinus. 

Dandy took the fascia from the thigh or from the covei'ing of the temporal 
muscle. The fascia may be sutured in place or, when this is not practical, laid 
over the defect. 

In August, 1944, Dandy published his work, “Treatment of Ehinorrhea and 
Otorrhea,’’ presenting eleven cases. Dandy stated that the differential diagnosis 
can often be made by observing the cerebrospinal outflow: 

1. If when the head is tilted forward there is a sudden increase in the 
volume of flxxid, it is apparent that the fluid has been contained in a reservoir 
and that the fistula is located in a frontal sinus. 

2. If the flow of fluid is not altered by tilting the head, an opening in the 
ethmoid or in the sphenoid cells is indicated. 

Dandy’s methods by which the fistula may he closed are (1) suturing the 
dural opening, (2) suturing when pos.sible a transplant of fascia over the dural 
defect, (3) suturing snugly to the overlying tissues a flap of dura or any soft 
tissue which has been turned over the bony opening, (4) covering the bony open- 
ing with bone wax. 
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For fistulas through the frontal sinus Dandy devised two methods of ap- 
in-oach: one, by elevating the depressed fracture, suturing or covering Ihe defect 
with fascia, and replacing the depressed fracture ; second, if there is no depressed 
fracture by exposing the frontal region through a unilateral frontal bone flap 
with a concealed incision, two such procedures are jireferalile to the single large 
bilateral exposure, which uncovers and usually requires ligation of the longi- 
tudinal sinus. 

Dandy states that death following closure of fistula is due to a pre-existing 
intracranial infection, usually one or more abscesses in the brain. 

Eight of the eleven patients Avlio.se ca.se.s are included in Dandy’s I’cport 
Avere permanently cured. 

Dandy’s operation for the treatment of rhinorrliea and otorrhea is prac- 
tically free of danger. 

Restoration of Nerves. — In 1943, Dandy dcA'ised a method of restoring 
nerves, requiring Avide resections of neuromas in the upper arm. This is accom- 
plished bj^ resection of the necessary amount of the humerus. It could be ap- 
plicable in other locations though Avith aftereffects from the shortening. 

Dandy slated in this connection, the folloAving beliefs : 

1. The same method can be used AAdieii a nerve is resected to cure a tumor 
along one of the nerve trunks in the upper arm or leg. 

2. 'When a tumor is removed A\dth the nerve, the resection of lione should be 
done at the same time or Avithin a fcAv days thereafter. 

3. It is the only Avay that function can be restored after an interval that 
permits larger neuromas to form. 

Scapliocepliaty. — In September, 1943, Dandy introduced an operation for 
scaphocephaly. His operative procedure consisted of enlarging the cranial 
chamber by lifting most of eacli side of the skull. He fixed the elevated bone 
flap by a piece of bone cut from the posterior margin of the flap and Avired across 
the defect. 

Dandy stated that it is preferable to operate on the right side first, because 
the major effect of the cerebral protrusion after the dura is opened is borne by 
the lesser functioning liemispliere. 

Intracrmiial Arterial Anenysms. — Culminating his brilliant studies of 
aneurysms, Dandy published in 1944 his book, Intracranial Arterial Aaewrj/sms, 
based on a study of 108 cases Avith 133 aneiAi-ysms. Of this series of cases cover- 
ing a period of tAA'entj years, sixty-four aneurysms AA^ere found at opei’ation 
and tlie remaining forty-four Avere disclosed at necropsy over a period of fifty 
years. 

Up to 3937 no attempt to cure an aneurysm at the circle of Willis by direct 
attack upon tlie aneuiwsm Avas ImoAvn in neurosurgical annals. Tlien Dandy suc- 
ceeded in the first reported cure of an aAieurysm, peifforming the operation in 
Itlarch, 1937. This Avas also the first time that an operation had been performed 
witli the diagnosis of an aneury.sm beforehand. Since then thirty-six aneurysms 
diagnosed beforehand (AA-ith three exceptions) haA-c been disclo.sed by Dandy at 
operation AA'ith 70 per cent of cures. 
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On this basis Dandy conciiuied that a liigli degree of aceiu'acy in diagnos- 
ing anenrysms can ]}c oldained, and tiie results are much better than the 
character of the lesion would Iravc indicated. Dandy demon.st rated three re- 
quirements: 

1. An al;Holute prerequisite to any form of treat meiit of an intracranial 
aneurysnr involving the internal carotid or its branches is the knowledge of 
potential collateral circulation through the antej'ior cerebral and posterior com- 
municating arteries. This is determined by the ilatas test, that is, the oblitera- 
tion com])ression of the internal carotid artery in the neck by the finger. 

■ 2. If this temporary occlusion cannot be tolerated for ten minutes an 
attack upon any type of aneurysm would be fatal probably, or at lea.st the 
patient would be loft perjiianently crippled, for in the vast majority of aneu- 
rysms treated surgically tlic internal carotid must be occluded intracranially. 

3. x\n adequate collateral cam be c.stablished by partially occluding the 
internal carotid with a band of fa.scia lata, reducing the lumen about one-half. 
Ten days later total occlusion can then be done without risk. In this funda- 
mental book Dandy ])resen1.s the six methods of operation that he devised: 
(1) Clipping the neck of tiie aneurysmal sac; (2) tJ‘ap])ing the aneury.sm 
Imtween two intracranial clijts; (3) lrap])ing the aneurysm between an intra- 
cranial clip and a ligature in the nock; (4) excising the aneury.sm and closing 
the entei’ing vessel; (5) opening the aneury.sm and quickly imserting a piece of 
muscle large enough to fill the sac; the muscle then coagulated with the clcctro- 
cautery; (6) turning back the aneurysm and coagulating the neck of the sac 
and the aneurysm itself. 

' r In these operative procedures Dandy used the concealed incision that he 
■( / ; devised for the hypohyseal tumors. He believed the following to be true: 

1. One of the greatest risks attending any treatment of intracranial carotid 
aneury.sms is injury to the po.sterior communicating ai’tery. 

2. If both the internal cai'otid and the posterior communicating arteries 
should be sacrificed, the entire circulation of the bi’ain must be carried from 
the opposite .side through the anterior communicating and antei-ior cerebral 
arteries, and this link may or may not be adequate. 

3. Simple ligations of the cervical internal carotid may occasio7ially affect 
an aneury.sm, but is usually ineffective. 

4. 'Without actual exposure of an aneurysm, the diagnosis cannot he 
established; the carotid ligation may therefore be based in a mi.sconception. 

5. Pieces of muscle placed upon or around an aneurysm can scarcely be 
effective in stopping hemorrhage from a leaking aneurysnr, aiid cannot play any 
role in curing one. If more direct attack is not possible, the electrocautery 
is a far better means of closing the point of rupture and offers a chance of cure. 

SUM3IARY .VND CONCLUSIONS 

I have mentioned only some of Dandy’s outstanding works, because it 
is impossible in an article of this type to comment on all ; there are about 200 
publications os a result of his thirty-five consecutive years consecrated to 
neurosurgery. 
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Dandy wrote the most brilliant chapter in the histor,^ o£ neuiosvufiem , 
The extraordinary merit of his works lies not only in making the most important 
diseovei'ies in his field, but also i)i the combined experimental, pathologic, and 
clinical observatioiis from which the end rcsiiH — their practical application to 
surgery — ^is attained. 

To gain a clearer and more detailed idea as to how the evolution oi )ieuro- 
sui’gery was accomplished throiigh Dandy’s works, tire years since 1910 may 
be divided into three periods of ten to fifteen years each: 

First Period (1910-1920).— Among Dandy’s varied works there are two 
cpoeh-makiirg discoveries: (1) Tire cause, nrechanism, and diagrrosis o! hj'dro- 
cephalus done in animals and checked on necro])sy and the operations lor its 
treatment; (2) cerebral pneumography; both ventricular and spinal injections. 

Bandy’s discoveries are the foundation in the modei-n structure of neuro- 
surgery. Without his discovery of the cause of hydrocephalus, the most im- 
portant subject in neurosurgery, and his complete cx])erimental, i)athologic, 
and clinical studies, neurosurgery would still he far behind its present develop- 
ment. Since its introduction, many papers have appeared in literature suggest- 
ing improvements in techniques 'and a wider application of tlie principle, hut 
fundamentally little has been added to Dandy’s original conception and de.serip- 
tiou. Although eaeli one of Dandy’s works constitutes a transcendent landmark 
in the history of neurosui'gery, obviously his discovery of ventriculogi’aphj’- in 
1918, making possible for the first time the accurate localization of braiti tumors, 
started a new epoch, not only from the technical ])oint of view, but from the 
intelleetnal. It transfgrmed radically and integrally the mental eonception of 
neurosurgery, replacing tlie existent dogmatism and empiricism with a realistic 
judgment and avrthentically scientific criterion. 

From the historical point of view, if we realize that the three discoveries 
of the nineteenth century (antisepsis, anesthesia, and cerebral localization) are 
responsible for the outgrowth of surgery of the bx'ain and that without them 
surgery of the brain would never be possible, we also realize that without the 
most important contribution of the twentieth century (Dandy’s discovery of 
ventriculography), surgery of the brain would scarcely be worth while. 

Seco7id Period (1920-1935). — In his warfare against neurosurgical ailments 
Dandy used three different lines of attack, all perfectly synchronized ; 

1. Since his air injection made possible the diagnosis and precise localiza- 
tion of all brain tumors causing sjTnptoms of intracranial pressure, Dandy 
revealed the secret abodes of tumors occupying the lateral ventricle and third 
ventricle and all part.s of the brain below the surface. The fir.st tumors of the 
lateral and third vcutricle.s to he diagnosed hefovehand. found at o]wratio]i and 
completely removed, were reported by Daixdy. 

Thus, ho radically changed the ill-founded and rather idiiiosuphic con- 
cept that the normal brain tissue must always he re.speeted and for the fir.st 
time demonstrated the possilnlity of removing noneneapsulated brain tumor.s ))\ 
extensive resection of contiguous brain ti.ssuc. devising tlic necessary techniques 
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Uu this basis Dandy concluded that a liigh degree of aecin-acy in diagnos- 
ing aneurysms can be obtained, and tiie results are iniicli l)et1er than tlie 
cliaracter of (lie lesion would liave indicated. Dandy deinonsirated tliree re- 
quirements; 

1. An absolute prerequisite to any form of treatment of an intracranial 
aneurysm involving the internal cai-otid or its branclios is the knowledge of 
potential collateral circulation tlirougli the anterior cerebral and ])osterior com- 
municating arteries. This is determined liy the iilatas test, that is, the oblitera- 
tion compression of the internal carotid artery in the neck by the finger. 

2. If tliis temporary occlusion cannot be tolerated for ten minutes an 
attack upon any type of aneurysm would be fatal pi’obably, or at. least the 
])atient would be left permanently crippled, for in the vast majority of aneu- 
rysms treated surgically the internal carotid must be occluded intracranially. 

3. An adequate collateral can be established by jmi’tiallj' occluding the 
internal carotid with a band of fascia lata, reducing the lumen about one-half. 
Ten days later total occlusion can then be done without ri.sk. Tjv this funda- 
mental book Dandy ])rcscnts the six methods of operation that he devised: 
(1) Clipping the neck of tiic ancury.smal sac; (2) trapping the aneurysm 
between two intracranial clijts; (3) traj)ping the aneurysm between an intra- 
cranial clip and a ligature in tlu* neck; (4) excising the anouiw.sm and closing 
the entering vessel; (b) opening the aneury.sm and quickly inserting a })iece of 
muscle large enough to fill the sac; the muscle then coagulated with the electro- 
cautery; (6) turning back the aneurysm and coagulating the neck of the sac 
and the aneurysm itself. 

In these operative ])rocedurcs Dandy used the concealed incision that he 
devised for the hypohyseal tumors. He believed the folloudng to be true: 

1. One of the greatest ri.sks attending any treatment of intracranial carotid 
aneurysms is injury to the jiostcrior communicating artery. 

2. If both the internal carotid and the posterior communicathig arterio.s 
should be sacrificed, the entire circulation of the ])rain must be carried from 
the opposite side tlu-ough the anterior communicating and anterior cerebral 
arteries, and this link may oi' may not be adequate. 

3. Simple ligations of tlie cervical internal carotid may occasionally affect 
an aneury.sm, but is usually ineffective, 

4. Without actual cxpo.siirc of an aneurysm, the diagnosis cannot be 
established; the carotid ligation may iberefore be ba.sed in a misconception. 

5. Pieces of muscle placed upon or around an antniry.sm can .scarcely be 
effective in stopping hemorrhage from a leaking aneurysm, and cannot play any 
role in curing one. If more direct attack is not pos.sible, the electrocantery 
is a far better means of closing the point of rupture and offers a oliaiice of cure. 

SUMSIARY and CONCLUSION.S 

I have mentioned only some of Dandy's outstanding woi’ks, because ff 
is impossible in an article of this type to comment on all ; there are about 200 
publications as a result of hi.s thirty-five cousecutive years consecrated to 
neurosurgery. 
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COMPLETE EXTRACAPSULAR EXCISION OF TUMORS 
OF THE HYPOPHYSIS 

German Hugo Digkmann, IiI.D., Buenos Aires, Argentina 

(Ft'ovi the Ncxiro-Surgery Department, Buenos Aires UniversitpJ 

T he intranasal approach for tniRovs of the hypophyseal region has been 
definitely abandoned by all those whose Icnowledge is np to date with 
regard to surgery of the hypophysochiasinatie region. Only unjustified stub- 
bornness would favor this approach today, and it should be formally contra- 
indicated in diseases of this region. 

The indication for operating on tumors of the hypophyseal region is 
given by their influence on the optic tract. Patients are not operated upon 
to correct endocrine disorders, but to prevent amblyopia and blindness, and 
also, eventually, to prevent or diminish endocranial hypertension. This can 
result from a blockage of one or both foramina of Munro, due to the upward 
growth of the tumor, so that by displacement of the third ventricle an internal’ 
hydrocephalus is produced. The majoi'ity of the cases which are found in 
practice, and are the cause of joint collaboration between ophthalmologist and 
neurosurgeon, have various degrees of atrophy of one or both papillae with 
more or less marked defects of visual fields. As the compression of the 
chiasmal region is the principal cause for surgical indication, it is obvious that 
the liberation of that same compression is the chief object of the operation. 

The nasal approach, with a field that is septic and of limited space, passes 
through the sphenoidal sinus to reach the floor of the sella turcica. Even in 
the best of circumstances, the surgeon will "bite” the inferior pole of the 
mass, should this be against the floor of the sella, or most probably traumatize 
the hypophysis while attempting to excise the tumor, because it is usual for the 
tumor to displace the gland toward the fundus of the hypophyseal fossa. In 
a few fortunate patients with cysts (craniopharyngiomas) reached and evacu- 
ated through the sphenoidal sinus, there has been later, temporary improve- 
ment in the visual field, which explains the enthusiasm of some with regard 
to this approach. Ho^veveI■, this access today should be put aside to constitute 
oiily a chapter in the history of surgery on the hypophysis. 

The extraordinary improvement in neurosurgery has proved that the in- 
tradural approach is the best for surgery on the hypophyseal-chiasmatic region. 
The extensive incisions, which were originally used by Cushing for extradural 
access to the sella turcica, have given way to small incisions, practically hid- 
den v< Ithin the limits of the hair, and with which it is nearly always possible 
to miss the frontal sinus. The visualization of the operative field is obtained 
with clarity through a series of technical measures not requming description 
here, but wliicli liave contributed to reduce the mortality to figures oscillating 
belu oen 5 and 10 per cent, according to the various clinics and neurosurgeons. 

Although the method of choice is the intradural route with a small in- 
cision. tlie surgical manner of treating the tumor itself is a fundamental 
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chapter and we wish to insist on a few ideas which Ave consider essential. 
Very often neurosurgeons are content to reach tlie tumor, incise its capsule, 
and lightly curette its contents, leaving the rest of the therapy to x-ray treat- 
ment. Without doubt, this is not sufficient. The surgeon should go further, 
recognizing the extraordinarj^ opportunity he has for obtaining more lasting 
results, perhaps even definite results, by completely eliminating the mass Avhich 
is pressing on the optic tracts. It is not exactly the intrasellar portion of the 
tumor Avhich presses against the optic ehiasma, but the supra sellar. While 
the mass keeps Avithin the sella there is no need to operate, and the surgeon 
should do so only Avhen the tumor has caused visual disturbance. Usually the 
tumor also groAA's behind the ehiasma and presses against its posterior aspect. 
If Ave should leave this portion of the tumor, and content ourselves Avith the 
excision of the anterior or intrasellar portion of it, Ave Avould be committing 
a grave exTor. Our ideal is to excise the tumor Avith its capsule. This can 
be done onlj* in a fcAv cases (Case 1). Usually the capsule of the intrasellar 
portion of the tumor is intimately adhei-ent to the lining of the sella turcica 
and this makes its extraction impossible. In these cases, the tumor should 
be curetted, and should there exist a suprasellar or i-etrochiasmatic portion, 
it should be excised. Blind eui'cttage of the tumor frequently causes serioxxs 
trauma to infundibulum, Avhieh is in close contact Avith the mass. It is neces- 
sary to apply traction to the capsule so that it may be dislodged from the 
posterior aspect of the ehiasma and draAvn toAvard the antei’ior part of the 
sella, normally occupied by the stalk of the hypophysis, and only then should 
its contents be curetted and all possible eliminated fi’om the capsule. It is 
hardly necessary to say that AA'hile Avoi-k is being done close to the hypo- 
thalamic centers and the arterial circle of Willis, all this should be done A^eiy 
delicately. 

In eases of adenomas, the total exti-acapsular excision is I’ai’ely possible, 
but may be obtained, as Avas managed in Case 1. In craniopharyngiomas, total" 
excision is also possible. In many cases, the predominant mass is inti’asellar 
and the capsule and dura intimately fused. In others, the mass has groAvn 
chiefly upAvard, adhex’ing intimately to the infundibulum, and any effort at 
extracapsular extraction is impossible, because it Avould doubtlessly produce 
the death of the patient. Eadiothei’apy alone can pi’oduce acceptable i*esults 
in the treatment of adenomas of the h5"pophysis, but is useless in other be- 
nign tumors. 

X-ray treatment would be justified in adenomas, Avhen the diagnosis for 
this type of tumor is sure and the optic tracts only slightly altered by the 
compression, and Avith the condition that visual field control can be checked 
periodically. Eadiotherapy may cause sudden limitation of Ausual fields: then 
the operation should be done Avithout losing time. Today Ave consider that 
x-ray treatment should be only the complement of the operation. Its formal 
indication is in those cases in Avhich, for general reasons, an operation is 
contraindicated and should be done with all possible cax'e. X-rays are not used, 
of course, Avhen extracapsular excision has been performed. Postopei'atn'C 
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radiothei-apy is indicated routinely in adenomas of the }iypoph.ysis, what- 
ever their histology. X-ray treatment is also indicated in small dose.s in the 
postoperative treatment of craniopharyngiomas, because it seems to have a 
certain inhibitory effect on the production of cystic fluid. 

CASE UEPOKTS 

Case 1 (Gliuioal History No. 20239).— T)ic patient, aged 21 years, was a man from 
Argentina. 

Msiory of Illnoss . — Hive .years before admission he had frontal licadaehcs, u-sually very 
slight. At times they were strong. Puring the month before admission he had headactms 
four to five times a week. He could see little \vith his right eye for the last two years, and 
could not read the papers. He was given eyeglasses, hut his sight did not improve. During 
the last two months it became rapidly worse. Asthenia was present and he liad little inclina- 
tion for work. 

State of Bealth at Time of Admission. — His general condition was good, with indifferent 
decubitus. Nerve I, sense of smell was diininished on the rigid .side. 
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Pig:. 1. Fiff. 2. 

Fig. 1 (Case IJ.—^DanCy's incision of approach to the iiypophysis; totally hidden within 
the hmits of the hair. An extracapsular excision of a cystic chromophobe adenoma was per- 
formed on this patient. 

Pig. 2 (Case 1). — Cystic adenoma of the hypophysis; completely excised. 

Nerve II, right eye, showed atrophy of papilla. Left eye, the superior aspect of the 
papilla was diffuse and veiled, slightly hyperemic. The retina surrounding the superior pole 
show-ed the striation of the nerve fiber layer (edema that elevates the internal limiting mem- 
brane of the retina) and slight venous traces, bilateral hemianopsia. Nerves III, IV, and VI, 
extrinsic ocular movement was normal. Nerve V, facial sensibility was preserved. Cranial re- 
flexes were normal. Nerve VII, facial movement w-as preserved. Nerve VIII, hearing was 
good. Nerves, IX, X, XI, and XII, nothing unusual. 

Active movement was preserved. Passive movement levealed notliing in particular. Sen- 
sibility was good; there w-as no ata.\ia, dy.snietria, nor adiadokocinesis. Eeflexes: Patellar, 
sharp; cutaneous, normal. Psj'che was good; standing and walking movements were good. 
Clinical diagnosis was tumor of the hj-poplij-seal-chiasraatic region. 

Operadbm— Operation was carried out,* Dec. 16, 1940, under local anesthesia. Dandy's 
incision for operation of hypophysis was u.sed, totally hidden within hair limits (Pig, I). The 
osteoplastic flap was retracted, and no sign of endoeranial hypertension was observed. The 
chiasmatic region w.as reached with relative ease. The right optic nerve was found somewhat 
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flattened and in vertical position. Innnediately hehind it, part of the surface of tlie tumor 
could be seen, of reddish-blue color and smooth surface. With bayonet forceps the capsule 
uas perforated and found to be a cyst. Its contents uere aspirated and, slouh', traction rvas 
applied to the capsule. For some time, we thought it impossible to extract, and considered 
the possibility of having to sacrifice an optie nerve, but luckily, uhile continuing the traction, 
uere surprised to find that the forceps dragged the tumor out uhole. It uas a cyst of 1% 
cm. in diameter (Fig. 2). The width of the wall about mm. Its anterior surface was 
smooth and whitish. Tlie hemorrhage uhich folloucd cx'traction of the capsule was onh’ slight 
and stopped spontaneously. There was never excess picssuie applied to the cerebral surface 
or the infundibulum. Sutured with silk. The bone was fixed with one wire stitch. The 
patient left the operating room in e.xccllent condition. Pressure maximum 11, minimum S, 
pulse 101 per minute. 



Fig 3 (Case 1). — Cystic chromophobe adenoma of the hypophysis. 

Postoperathe . — The postoperative course was uneventful. The patient was discharged 
on the tenth day after operation, Jan. 17, 1911, one month after the operation, he was again 
nospitalized with intense headache, vomiting and photophobia, pain in the nape of the neck, 
temperature of 102° F., and uneasine.ss. Rigidity of the neck was found. Kernig’s sign was 
positive. For thiee dajs he had a sty. 

Treatment . — Treatment consisted of suppiession of liquid and solid intake, subcutaneous 
hydration, and sulfapyridme, 3 Gm. A lumbar puncture was performed at 7 P.jr., and 10 c.c. 
of purulent liquid were extracted. The spinal canal was washed with saline solution, and 
10 c.c. of antistreptococci serum were injected in this way. Sulfonamide treatment was con- 
tinued. Jan. 21, 1911, the patient was veiy much improved and apyrexic. Feeding was 
started. The patient was discharged on February 1. 

Dec. 30, 1912, the patient was well, with the exception of the diplopia due to the pals) 
of the right lectus inferior. Paialjsis appeared after the acute meningitis, one month after 
the operation. Surgical correction was done. 

Aug. 12, 1945, the general condition of the patient was excellent. In spite of the oper- 
ation performed on his ej e, diplopia did no't disappear entirely but vision improved. Although 
hemianopsia was less, the visual field was still defective. 

Pathologic Peport.* — Ci-stic chromophobe adenoma of the hypophysis (Fig. 3). 


By Dr. PIo del Rio Ortega. 
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Case 1 shows the possibility of a complete extracapsulav excision of an 
adenoma of the. hypophysis. The late postoperative infection was cured with 
sulfonamide and antistreptoeocci serum intraspinally. At tliat time sulfon- 
amide treatment had just been started in our country. Diplopia was a sequel 
of meningitis. 

Although there was an important improvement in the visioii, this, case 
shows that the hemianopsic defect may be permanent if the patient is operated 
upon late. This was a very rare ease of cystic adenoma of the hypophysis. 

Case 2 (Clinical History No. 25052).— A married man, an Argentine aged 42 years, was 
admitted on April 2, 1943. 

History of Illness . — ^About one year before admission tlie patient began having frontal 
headaches in the mornings, localized in the supraorbital region, retro-ocular. After 6 r.M. 
the pains diminished, disappearing completely at about 9 or 10 I’.id when patient lay in 
bed. ' He did not vomit. Simultaneously until the headaches, there was decreased libido, that 
soon became absolute. Before the onset of the present disease, the patient was hypersexual, 
and practiced daily coitus. , For the four months before admission the patient noticed a de- 
crease of sight in the temporal sides of both visual fields, especiall 3 ' the right. He slept more 
than normal. His weight was constant. There was no alteration in micturition, in frequency 
or quantitj'. His appetite was good. 

State of Health at Time of Admission . — ^His general condition was good. Cranial 
Nerves: Nerve I, sense of smell was good. Nerve II, the fundus oculi of the left eye was 
normal. Tlie right eye showed slight atrophj' of the papilla. In the visual field there was 
bitemporal hemianopsia, of the left eye 1, of the right eye 1/10. Nerves II, IV, and VI, 
good extrinsic ocular movements. Nerve V, facial sensibility was preserved. Cranial reflexes 
were present. Nerves VII, VIII, IX, X, XI, and XII were without alteration. 

Active movements were preserved. Passive movements were normal. Sensibility was 
good Stereognosia was preserved. There was no ataxia, dj'smetria, nor adiadokocinesis. 
Standing and walking movements were normal. Psyche was without any symptoms. 

FroVahle Diagnosis . — Tumor of the lij'pophysis. 

Operation . — Operation was carried out April 13, lOdS.* A right Dandy’s incision was 
used for the hypophj^seal approach. There was an abundance of cerebral spinal fluid in the 
subarachnoid spaces. It was evacuated, facilitating the operation very much. The chiasmatic 
region was easily reached, and a round, smooth, reddish-gray tumor, emerging like a helmet, 
was found between both optic nerves. The tumor extended upward, touching the infundi- 
bulum. The right optic nerve, which should be horizontal, was nearly vertical. After elec- 
trocoagulation of a few vessels, the capsule was cut and an ocherous-colored fluid flowed out. 
The tumor was cystic. Bit by bit the traction of the capsule gradually drew it forth in 
various pieces. The breadth of the capsule was between 1 and 2 mm. Once the tumor was 
extracted, it was found to be situated on top of the diaphragm of the sella turcica, between 
this, which had been displaced down, and the hj-pothalamus. It was thought to be a crani- 
opharyngioma. The operation was well tolerated. The bone flap was fixed with a wire stitch. 
Sutured with silk. 

Postoperative . — ^After the second daj-, the temperature was high, reaching 104” F., with 
such excitement, that it was very difficult to keep the patient in bed. He was in a state of 
furj-. For five daj-s he continued the same. At the beginning this state of excitement was not 
understood, with the possibilitj' of it being a hj-peracute infectious process. A lum- 
bar puncture was done, revealing xanthochromic fluid. The bacteriologic examination 
was negative. After the third daj-, treatment with sulfathiazole was started, and on the sixth 
day it was changed to siilf.adiazino. Suddenly, this same daj', the patient’s temperature fell 
until it reached normal. Ho was given IS Gm. of sulfatbi, azole and 12 6m. of sulfadiazine. 


A5.«i.stnnt.s. Dr. Veppo and Dr. Benchlmol. 
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The iuipressiou whs that the temperature was not intlucnced by sulfatherapy and was not of 
infectious origin. The hyperthermia was believed to bo of hypothalamic origin. On the tenth 
day there was again a sudden rise in temperature, to 102° P., which disappeared on the fol- 
lowing day. The w ound healed by first intention. 

Pathologic Picport * — Glioepithelioraa (Pig. 4). 

The patient was discharged Slay 7, 1943. On July 21, 1943, his general condition was 
good. For the previous fifteen days he had resumed his normal duties. He slept well, but the 
complete lack of libido continued. Sight was much improved. 

December, 1944, at re-examination, visual fields were found normal. Lack of libido 
continued. 



Fig. 4 (Case 2). — Glioepithelioma of the suprasellar region. 


This case gives cause for ponderance on some points considered impor- 
tant. Among the symptoms taken in the liistory was the lack of sexual desire 
in a man who was previously hypersexual. 

Papers by Bard, Dempsey, and Kioch, Brookhart, Day, and Kanson, etc., 
have made known to us the role played by the hypothalamus in the functional 
and structural integrity of the genital organs. 

Vidal, working with ivhite rats, proved that the destruction of both supra- 
chiasmatic nuclei produces the lack of sexual desire in males. With regal’d to 
females, it was principally found tliat they lacked acceptance of the males. 

In this patient (Case 2), the tumor was situated in contact with the anterior 
part of the infundibulum at the level of the suprachiasmatic zone, which ex- 
plains the loss of libido, and at the same time corroborates the experimental 
Avork of Vidal. 

It may be recalled, also, that in the postoperative period there Avas a sta 6 
of marked agitation so intense, that at times it Avas a problem to keep 
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patient in bed. Today, it is accepted withont discnssion tliat the lateral hypo- 
thalamus exercises a fundamental control in resiilating' the sympathetic-adrenal 
system, and plays an important part in emotional conditions, anger, fbar, etc. 

The right lateral hypothalamus was proliably contused in axi attempt to 
excise the tumor, because both adenoma and infundibulum were in close con- 
tact. Possibly this is the explanation of the state of fury of our patient, more 
intense than we had ever seen before. 

This picture is wholly ditferent from psjmhomotor excitement that may 
follow cerebral operations, and is comparatively common. 


SUMMARY' 

Two cases are presented; one, a cystic chromophobe adenoma of the 
hypophysis, and the other, a glioepithelioma of ,tiie suprasellar portion ; both 
were excised with their capsules following the rules given for this operation 
by Dr. W. E. Dandy. 

The loss of sexual desire in one of the patients must be attributed to 
lesions of the suprachiasmatic centers of the hypothalamus, whose experi- 
mental destruction in white rats, produces loss of sexual desire in males and 
lack of acceptance of the male by the female. 

The great excitement in the postoperative period may be due also to a 
lesion of the lateral hypothalamus. 
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CEANIAL NEEVE SUEGERY IN THE POSTERIOR FOSSA 

P. A. Verueek, M.D., Grokixgex, Holland 

R eviewing the liistory of surger}’- one comes to tlie conclusion that histoiy 
of surgery is history of wartimes. The great art of surgeiy wa.s born on 
the battlefield and at all times surgeiy has been tiying to keep up with the 
pace of warfare. 

The majority of the great surgical pioneei-s hav’e Icnown days of wax*, 
working in or behind the front lines. Surgeons and soldiei^ have at all limes 
marched and advanced together, botli making quick pi’ogress in wartime, both 
making a tragic and often desperate balance between human destruction and 
human repaii*. Saving one young life out of a mass of hopelessly wounded 
soldiei’s has always been a human ideal .strong enougli to ai’ouse the minds of 
the great sux'gieal pioneers, finding on the battlefield new methods to heal. 
Tamponade; ligatui’e of the vessels; wound desinfection ; ticatment of woxmd 
gangi'ene; amputations; splinting of broken bones; transplantation and graft- 
ing methods; acute surgery of the ei*anium, the ti-achea, the thoi-ax, the abdomen, 
and the bladder; blood transfusion; and even the development of anesthe.sia 
are all countei-actions of the surgical pioneei’.s fighting for that tragic balance 
between human destruction and human repaii*. 

A surgical task which seems absolutely hopeless and useless in peacetime 
becomes in the ne.xt war a routine procedure. As old-time surgery was rooted 
in the battlefield, so are all the offspi-ing — all date back to times of warfare. 
Neurosurgei*y, as the youngest and pei*haps most revolutionary descendant, not 
much older than 40 yeai*s, is still old enough to be able to look back on sevei*al 
national wars and on two world wars. Jlaybe this revolutionary child needed a 
re%*olutionai*y time to grow up and be accepted by the medical profession, 
bi’eaking uith old-fashioned ideas and surgical opinions, and overrunning 
sui’gical bai’i’iei’s with the fighting spii*it and with the speed of action of a 
warfai'ing mind. What seemed impossible was simply done in a new way. 
Drenched and soiled with the blood of so many young lives, lost in several wars 
of this so highly explosive and wai*-bound century, the surgical field became more 
fei*tile again and the fertility of the field stimulated anew the minds of the 
pioneers, bringing on a new surgical ei*a. 

This new art of surgery needed indeed new courage and precision, often 
found in times of war. Surgexy of the cx*anial nerves, partieulai*ty in the 
cerebellopontine angle, is also a real child of this daring centui’j. These children 
grow up fast and simply do what their pai*ents hardly dared think of. What 
Jules Verne so passionately dreamed iii the nineteenth centui-y, missing the 
revolutionary technique of the twentieth century, may he compared xvith the 
ideas of Charcot, the great member of the French medical academj’’, who 
claimed in 1860 that the sectioning of the acoustic nerve in the cex*ebelIopontine 
angle should stop the attacks of vertigo, described by his great colleague M&ierej 
as well as with the aspirations of the pathologist Vii*ehow, who traveled all ovei 
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Europe in 1900 and visited surgical centers claiming tliat the intracranial 
meningiomas could he removed before death came on. The American profession, 
grounded in the new medical clinics of tlie twentieth century, accomplished, with 
great courage and precision, what the old medical world thought liopele.ssly 
impossible. Neurosurgery born on the old battlefield of ISurope, but not Avell 
accepted by the old medical society, needed adoption and education by ibo daring 
American profession, Avorldng independently witli a frontier sjnrit in newly 
designed laboratories and in special operating rooms. Once accepted in the 
country of the great experts, who were courageous enough to risk anything 
for the benefit of one medical solution, who dared to eoneentraic tiiemselves on 
just one small medical sector, this youngest child of surgery has grown np much 
mo 2 -e quickly and more prosperously than the older ones had predicted. 

The medical profession of today is alread 5 '' preparing for the full and wide- 
spread development of this new medical art. In another ten years the young 
iieui’osui’geoiis from all ovei’ the ^ro^•M mil line up in the neinmurgical field to 
participate in a new competition Avliieh Avill be decisive for the best methods and 
the best results of this new coming surgical period. 

In two brilliant generations the gi'eat neui-osurgical pioneers have shown 
the expanse and fertility of the neurosurgical field. Numerous young men in 
this postwar medical world are now eagerly waiting to take np their new tasks 
and labors, to divide the field again and give the full energj^ of their generation, 
trained and hardened by this second world war, to the' never-ending progress of 
medical science, 

Now that I have done neurosurgery independently for more than ten years 
—now that 1 have lived and worked for ten years trying to do neurosurgery as 
I saw it done in the American clinics, particular!}" in Dr. Walter Dandy’s 
Neurosurgical Department, I think I fully understand the terrific awe that 
overwhelmed me the first time I saw Dr. Dandy at work in his operating room. 
Also, I now understand much better the almost painful anxiety that drove me 
back countless times to his operating room during the three years I visited his 
clinic in the Johns Hopkins Hospital. More than ever I should now appreciate 
the moment I could see again this greatest expert of neurosurgical work, who 
combines in one hand the breath-taking technique of huge bloody brain resec- 
tions and the fascinating art of bloodless nerve sections in the so vascular region 
of tlic cerebellopontine angle. 

My admiration for Dr. Dandy eontiunes to increase year by year ! Ten 
years ago I admired Dr. Dandy much more for Ins work oil the gliomas of the 
hi am than I did for those nerve sections in the pontine angle done so easily 
and quieklj . Each time I was due to leave his clinic I tided to postpone my 
return trip to my home clinic in Holland, not because of nerve sections, but 
because I Iciiew I should miss tremendously those magnificent surgical moments 
when Dr. Dandy removed en masse a huge glioma of the brain. I was very 
sure I could not see enough of lli&se frontal lobe, right temporal lolie, and 
occipital lobe re.seetions, because tlie.se radical procedures showed me exactly 
how we young surgeons should deal radically with those many malignant 



614 


SURGERY 


growths in the brain, preferably in the A'eiy early stage of their development. 
This early stage could be reached, as I had seen, by means of Br. Dandy’s 
ventrieulographj*. I was sure Dr. Dandy showed me the right way to deal with 
this most difficult surgical problem. It was great to see the master surgeon 
being confronted with those terrific bleedings and dangerous operative shocks. 
He was always, with no exception perfectly sure about his surgical technique and 
loiew the value of a fraction of a second. He never gave up, and never missed 
the tumor, but at the .same time he never forgot to estimate, wdth a perfect 
feeling, the physical condition of his patients. 

And this groat and real fighter against these infiltrating gliomas of the 
brain was never too tii-ed to .show me the trail wliich leads to that medical peak 
w'hero many satisfactory results in brain surgery ai’c awaiting us. 

The good results he had to fight for in late cases, we younger surgeons 
were to find easily in the future, wlien the medical profession provided us with 
early brain tumor cases. 

That future has become present time and I am very glad I have followed 
Dr. Dandy's operative technique as closclj’- as possi])lc. l\Iy most radical re- 
sections for glioma of the brain have given far better results than have decom- 
pression operations, counting an average of twenty radical lobe resections for 
glioma each year. 

In one ease (my first) I did successfully a rigid hemisplierectomy. How- 
ever, this branch of neurosurgery is not the most fascinating one. Dr. Dandy 
developed also another part of neurosurgery which deals with the neiwe sections 
in the pontine angle. Having practiced this technique for ten years, I now 
realize to a great extent the quality and quantity of expert work that Dr. Dandy 
has accomplished in the cerebellopontine angle. 

In 1932 to 1933 and 1934 I was wdth .some interruptions, in Dr. Dandy's 
clmic. I knew his operating room better than my living room on Broadway 
close to the hospital. Weekly I saw one, two, or even three operations in the 
pontine angle. It was customary for the daily progi-am to start with a partial 
section of the sensory root (fifth nerve) at the pons for tic douloureux or the 
partial section of the eighth nerve (vestibular portion) for IMeniere’s disease, the 
second operation being the major one, usually for a brain tumor. 

One had to be in the operating room just in time in order to see Dr. Dandy 
make his unilateral suboceipital approach to the cerebellopontine angle. 

The rupture and the profuse bleeding of the mastoid vein was a special 
point of attraction for the visiting doctors; but many doctors never saw this 
bleeding because Dr. Dandy placed the bone Avax in the mastoid stoma quicker 
than this big vein could produce hemorrhage. Opening the posterior fossa Dr. 
Dandy took his time, evading the opening of the mastoid cells, this being a Aveak 
point in the aseptic approach to the pontine angle. 

The draAving of the curtains in his operating room and tlie very accurate 
placing of the headlight by his orderly “Bender” Avarned the late Ausiting 
doctors that the first ten minutes of the operation Avere over. In the next ten 
minutes Dr. Dandy did the operation. He opened the dura, then the eisterna 
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luagiia and cistciTia lalcvalis to procure sufficiout room in liic cGrebelloponlinc 
angle; then he sectioned the nerve (eightli or fifth nerve). In his left hand a 
small brain spatula (Dr. Dandy’s brain spatuhi) and in his right liand a hooked 
forceps bayonet-shaped), he slipped one oi‘ two wet cotton strips in the pontine 
angle to protect the cerebellum, asked for the suction and tlic cautery, and in 
a few minutes the nerve section was done. In case sucli a section took a few 
minutes more. Dr. Dandy used to say “gee whizz, this was a hard one” and 
we all were sure the work done in these extra minutes would have cost us a 
good deal more time. Nevertheless, in about six weeks we visiting doctors 
became so familiar with this operation that we could not understand why there 
was so mucli discussion in the American clinics about the problem of the partial 
section of the sensory j^’oot of the fifth nerve. Dr. Dandy’s approach was a nen^, 
perfect method which could be done safely in twenty to thirty minutes, as we 
had seen in his own clinic. The discussion on the treatment of IMeniere’s disease 
seemed finished to us too ! The operative treatment was so simple and could be 
done so quickly, as we had seen, tliat this section of tlie vestibular portion had 
to be considered in the future as the treatment of clioice, even for the pseudo- 
Meniere cases. 

In one case, I remember quite well, it took Dr. Dandy one full hour to 
complete a difficult tie operation. There seemed to be a number of vessels in his 
way. Several of these vessels had to be thrombosed with the cautery. How- 
ever everything progressed smoothly. At the end of the operation Dr. Dandy 
turned round and said: “If you ever run into a case like this one. Dr. 
Verbeek, you had better close and take the subtemporal route.” 

This was the fimt time I felt someivliat uneasy about the suboccipital 
route to the fifth nerve. 

In Dr. Dandy’s clinic I saw no serious postoperative complications either 
in a case of tic or in a case of Meniere’s disease in a combined series of 100 
operations. In two patients the wound had to be reopened, the patient having 
developed high temperature and high cell count; accumulation of fluid was 
found in the operative field. Drainage restored their condition. 

Twice in three years I saw a beginning of a keratitis following total resec- 
tion of the sensory root. The eyelids of these two patients were sutured and the 
keratitis disappeared readily. These patients were told to wear a special eye- 
shield foi some time. I did not see a facial weakness nor a motor root paresis 
and after the partial section of the sensory root of the fifth nerve there 
was still some preservation of sensation for light touch, deep pressure tem- 
perature, and sharp and dull, pai-ticularly in the region of the first and 
second branches. In some cases the cornea reflex was presenmd ; in other cases 
this reflex was very much diminished, depending apparently on anatomic varia- 
tions in tlie pontine angle (accessorj’- fibers for the cornea reflex) . 

After having seen some twenty operations for tic and about half as many 
for Meniere’s disease, I thought I was ready to go home. So far as tliese opera- 
tions were concerned, I had studied every detail of them; I had made plenty of 
drawings and taken notes in the operating room; I knew everj" little movement 
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Dr. Dandy made during tlic.se proeedurc.s; I could not mi.s.s finding and section- 
ing these nerves. I ivas sure llie.se operations would not get on niy nen'es. 

Following Dr. Dandy’s advice J went to Philadelphia in the early spring 
of 1932 to %'i.sit Dr. Charles Frazier’s clinic. It was a very interesting and 
en.ioyable time I spent in thi.s clinic as in a .shoit time one felt oneself a mem- 
ber of the staff “family, ” which meant also a member of the Frazier family, Dr. 
Fi-azier being a kind father to all of us. Veiy' soon I understood Dr. Frazier was 
doing a great deal of work — ^particularly many tic operations following the 
svditemporal route. 

The first operation I saw done was Tic operation No. 690. Dr. Frazier was 
an expert and his tic patients did very well after the operation. As a rule the 
patients were out of bed on the fifth day, and left the hospital on the eighth. 

Having seen an expert, as Dr. Frazier wa.s, I hesitated to voice objections 
against his method, comparing this tic operation with Dr. Dandy’s method. In a 
le.ss experienced hand the results of this operation would certainly be less excel- 
lent. The following objections might be presented : 

1. There was a total anesthesia in the tjdgeminal area, .sensory fibera of 
which were sectioned behind the ga.sserian ganglion. The be.st and most 
phy.siologic operation for tic douloureux is the operation that cuts only the 
pain fiber's. (The patients of Dr. Olof Sjoqvist, who performed a tractotomy, 
had total analgesia of the three branches but also an absence of cornea I'eflex 
and thermhypesthesia.) 

2. Some of these patients complained vei'j' strongly about numbness. 

3. The tie patients with pain in the region of the fii-st branch had to have 
an alcohol injection or a section of the supraoi'bital nerve. 

' 4. As a whole thi.s subtemporal operation seemed to me more complicated. 

'In each case one had to control the .severe arterial bleeding of the middle 
meningeal artery and the profuse venous bleedings around the gasserian gan- 
glion close to the foramen ovale, 

5. Liberating and dividing the sensory root and samng the motor root im- 
pressed me as a method requiring long-standing experience. 

6. Dr. Frazier told me that in an average of one out of fifty ca.ses he had to 
do the operation in two .stages liecause of the profuse bleeding, and Dr. Frazier 
was an expert. 

I left Dr. Frazier’s clinic still preferring Dr. Dandy’s method, but very 
happy to know the subtemporal route should there be too man}" big vessels 
in my way in the cerebello pontine angle. In the summer and fall of 1932 
I visited Dr. Harvey Cushing's clinic, the Jlayo Clinic, and Dr. Max Feet's 
clinic. In all these great neurosurgical centei-s the subtemporal route was con- 
sidered safer and was used routinely. On my short visits I did not see an 
operation for Meniere’s disease. The subtemporal operation for tie douloureux 
was in these clinics in vei-y safe hands. 

On a second visit to the clinic of Dr. Frazier I was vei'y much astonished 
to hear Di'. Frazier tell me, “And now, Doctor, I’m going to show you what 
a poor neurosurgeon I am.” I did not know what to say, but I certainly pro- 
tested. 
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Dr. l<\-ir/ier showed me, in tlie ward, a woman wlio had a riglit-sided 
keratitis, a right-sided trigeminal anesthesia, a right facial parab'sis, a complete 
right-sided deafness, a dysarthria and a marked right-sided ataxia. “Well 
doctor, what is your diagnosis?” Dr. Frazier asked. Having visited so many 
good neui’osnrgieal clinics, I did not hesitate in tolling Dr. hi’azier I thought 
this woman had a right acoustic tumor in a very far stage of development. Dr. 
Frazier answered very dryly that this was his first tic case in which he had 
■ followed Dr. Dandy's snboccipital route. This was the second time I felt uneasy, 
and this time very uneasy, about Dr. Dandy's tie operation. I realized that 
special neurosurgical operations had to he done by special neurosurgical experts. 

Dr. Harvey Cushing told me this when talking about the hypophyseal 
operations. In the winter of 1932-1933 I was back again in Dr. Dandy's clinic, 
not only to study his radical brain resections for infiltrating gliomas, but also 
to make mj-self much better acquainted and, if possible, quite familiar with this 
wonderful approach to the fifth and eighth nerves. 

In any ease, I had to master this approach in order to be able to do tlie 
operation for Meniere's disease. In 1933 I did not go back to Holland, but re- 
mained in the United States until the end of 1934. In these wonderfid years 
spent in Dr. Dandy’s elinie, I saw the most radical operations for brain tumors 
I could dream of and so many operations for tic douloureux and iilenicre’s 
disease that I was convinced again that these operations could be done safe!}’. To 
be exact, I knew of no safer intracranial operation as long as these nerve sec- 
tions of the fifth, eighth, and ninth nerves were in Dr. Dandy’s hands. In 1941 
I received a letter from Dr. Dandy telling me he had just lost his first 
patient with Meniere’s disease. It was No. 358. The patient died from a post- 
operative meningitis. I do not know of any better results in a series of this 
magnitude. In Dr. Dandy’s clinic I saw three patients witli neuralgia of the 
glossopharyngeal nerve. The ninth -nerve was sectioned in the cerebellopontine 
angle, with very good resub.s. In one case the patient proved to have accessory 
fibers of the ninth nerve, which had to be sectioned afterward, as the patient 
had a recui-renee of this tic douloureux. In between the ninth and the tenth 
nerve two accessory fibers were found and sectioned. Following this second 
operation the patient remained completely free from pain. 

AVriting aboift cranial nerve surgery in the pontine angle, I should like to 
express my hope that some day Dr. Dandy ivill write a book on the removal of 
the eighth neiue tumors (the encapsulated tumors of the cerebellopontine 
angle) , as Dr. Cushing did for his pupils in 1918. The operative treatment of 
these benign, well-encapsulated but dangerously located tumors, I consider as 
the best test for a man s neurosurgical capacities. I Imow of no moz'e difficult 
task a surgeon can face. Dr. Dandy practiced the most radical removal of these 
tumors. In several other clinics the intracapsular excochleation was advocated. 
Dr. Dandy himself considered the total removal of these tumors as the fiercest 
battle in the neurosurgical field. Still he chose this battle every time he had to 
remove such a tumor. I am convinced that only a ma.ster surgeon like Dr. Dandy 
can afford to be in favor of this radical procedure in late cases. Particularly 
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in a late case, where the tumor has become strongly adherent to the brain stem, 
I doiibt whether this nltraradical i-emoval of the jnesial side of the tumor cap- 
sule can be advocated as t.he method of choi('e for the average neurosurgeon. 

1^'ollowing the thrombosing or eli])i)ing of the vessels, which cross from the 
brain stem, to this mesial side of the tumor capsule, the postoperative edema 
of the brain stem is a complication seen too frcquentl 3 ^ I am afraid the mor- 
tality would be prohibitive in a long series of these cases. In an early case, there 
is no doubt, this radical procedure must be the method of choice. Maybe we 
are approaching the day when the general medical profession is going to 
recognize this tumor s.yndrome of the cerebellopontine angle more frequently. 
A unilateral diminishing of hearing, with or without tinnitus, accompanied 
with a weakened homolateral eoniea reflex or the patient’s complaint that dust 
is alwaj's getting into the same eye (same side), will then make more doctors 
suspicious of the development of a tumor in the cerebellopontine angle. 

The unilateral approach to the cerebellopontine tiimors, as advised by Dr. 
Dandy in Septemlier, 1934, is, I think, far superior to the bilateral suboccipital 
craniectomy as generally used for the removal of these tumors. The latter 
method is not only a far too formidable procedure, taking too much of the 
patient’s already weakened resources, but a unilateral approach provides aU the 
room there is need for. Sloreovei', the i^nilateral approach prevents a great 
deal of mishap, which may occur (in each case of high intracranial pressure) 
with the wide opening of the posterior fo.ssa. The veiy dangerous shifting of the 
midbrain toward the incisura tentorii and the protrusion of the cerebellum 
(through the widely opened posteiior fossa, causing hemorrhages and postopera- 
tive edema of the midbrain and cerebellum, make the operation iinnecessarily 
hazardous even before the tumor can be attacked. 

This protrusion and savelling of the perebellum and braui stem are also 
apt to cause a mental change of the patient, not lureh’’ ending in a postoperative 
delirium, followed again bj^ more protrusion and edema. Likewise, the edema 
of the cerebellum and brain stem causes poor respiration and poor swallowing, 
very frequently leading to a postoperative pneumonia. The coughing and diffi- 
cult expectoration again cause progressive edema of the protruding cerebellum, 
rapidly closing this disastrous circle. A clear-cut intracranial tumor sjmdrome 
deserves a clear-cut and direct route to the tumor, saving a great deal of opera- 
tive risk. The tapping of the lateral ventricles, the opening of the cysterna 
magna in order to release as much fluid as possible, the excision of the pro- 
truding cap of the cerebellum are all three essential for this unilateral approach. 
They safely provide all the room there is in the cerebellopontine angle and make 
the bilateral suboccipital craniectomy entirely unnecessary. 

On one point I did not follow Dr. Dandy’s technique. Dr. Dandy is in 
favor of the use of avertin anesthesia with a small additional dose of ether. 
Tliis anesthesia is perfect, as long as an expert anesthetist* is administering 
the ether. In Holland I tei'ribly missed an expert anesthetist, partieularly for 


‘Miss G. Smith -worked with Dr. Dandy over thirteen years. 
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these cerebellar operations. Finallj’’, I had to apply local anesthesia. I must 
say I became aeeustomed to it and even like it now. In those cases where I 
needed an additional general ancstlietic I tried, one year ago for the first time, 

1 c.c. scophedal, injecting this 1 e.c. solution slowlj’’ into the transverse sinus. 
The patient, as a rule, goes to sleep within ten minutes and keeps quiet during 
the whole operation (one and one-half to two hoiu’s). Tiiere is no venous con- 
gestion in the cranium and the tumor in the pontine angle can he approached 
much more easily. How much I udsh I could forget all the troubles and mis- 
haps I met, particularly in approach to the cerebellopontine angle during my 
fix-st years of neurosurgical work in Holland. 

Eetixrning to Holland in the early days of 1935 I was very happy to see 
again, after three years, the old windmills, the dreamy and quiet canals with 
their old-fashioned sailing boats, and the old dykes, built decades and even 
centuries ago, but I was frightened when I saw also the old-fashioned operating 
room where I had had my first years of surgical training in the University 
Hospital of Uroningexx. Forxxxerly I was happy in that operating I’oora, worldng 
daj’’ and night, Ixoping later to be able to do any opei-ation, no matter how diffi- 
cult and dangex’ous. Just like all the assistants I wanted to become an aU- 
ronnd surgeon and in this large Univex-sity Hospital, where the sui’gieal de- 
partment was always ox^erfilled with all kinds of surgical patients, I knew I 
had found the best place for this surgical ti'aining. 

Educated for general surgeiy, I left this so beloved operating luom in 
order to study neurosurgerj^ in Amex'iea. Eetnniing after three yeaixs I did xiot 
want any longer to Ixecome an all-round surgeon. 

In the latter the art of surgexy becomes so diffused that it loses the sharp 
and fine character of expert work. 

I had been looking forward to a neurosurgical operating room, which, as I 
soon learned, was not to be built. I tried very hard to feel at home again in 
this old geixeral surgical operating room. It xvas the heart of the dime and 
I endeavored to get back my old love of this place. All the general surgical 
work of the University Hospital of Groningen was done in this room. We 
xvorked on txvo tables, when we were rushed with xvork. This room was also the 
old-style lecture room or theater for the students, and last but not least this 
room was used for dressing the wounds of very ill patients. 

This operating room xdth a huge windoxv could not be darkened. My 
proposal of having curtaiu.s in the operating room xvas not accepted. I knexv 
I would have difficulty doing an operatioxi on a deep-seated tumor or doing a 
nerve section in the cerebellopontine angle. Nex'ox-tlieless, when neurosurgical 
patxeixls were brought to the clinic, I felt I should at least try to do my work, 
maiixly becaxxse these patiexxts had no better place to go in this part of the 
country. 

X \x tXs so Ivxckx as to xcxxvove a left fi’oxxtal pax'asagittal mcnxngionxa success- 
fully; I operated upon a patient for a pnexxmocepbalus witlx good result; further, 
a xxxedxxliary tvinxor and also a cystic glioma in the left cerebellar hemisphere 
• were vexxxoved ixx the first two months. These two patients developed bad wound 
infections, but at length they improved. 
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Then came my first tic ease — a woman snfferiny: from multiple sclerosis and 
a severe tic douloureux of all tliree branches of the right trigeminal nerve. 
Following Dr. Dandy’s method I made a right .suboccipital craniectomy, the 
patient being under avertin ether anesthesia. Exj)loring the cerebellopontine 
angle, I could .iust see the eighth nerve but I could baldly distinguish the 
sensory roof of the fiftli nerve because tlie use of the hcadliglit was of very 



Fig. 1. 


Figs. 1 anti 2. — Showing tho nietlioil of using tljo instruments <lesigned bv the author. 
(These two diawings w'ore made in the School of Artists, connected with the Johns HopKins 
Hospital, Baitimoie. The onginal diawing of the operatne field was made by Miss Dorcas 
Hager in 1931; the copied diawing, with the instiuments, was made b.\ ^fr Osgood in 19«.) 


little help in an operating i-oom that could not be darkened. Itloreover, the 
anesthesia had to Ijc stopped becau.se the j>atient became veiy cyanotic. We 
did not have a .special anesthetist for brain operations. 

I worked hard for thi’ee hours. The patient survived but I had to wait 
twenty-four hours before she responded again. I am happy to say her recovery 
was further uneventful and the patient left the hospital within three weeks, 
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complete!}^ free from pain, tlie wound well healed, and no sign of keratitis 
nor facial wealmess. 

I had the same trouble operating on my second tie patient. The anesthesia 
had to be stopped again, there being much bulging of the cerebellum. Exploring 
the cerebellopontine angle, I could see the sensory root only very faintly, because 
the headlight had a veiy weak focus in this operating room, which still could not 
be darkened. This operation lasted two hours forty-five minutes. The patient 



Fig. 2. — {Fo 7- legend see opposite page,) 
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did well and was free from pain. Nevertheless, I decided not to operate again on 
the cerebellopontine angle as long as the operating room was not adapted to 
this t3’pe of wox'k. I endeavored to improve the conditions, did several opera- 
tions for brain tumors, medullaiy tnniors, meningoceles, and .so on, but drifted 
slowly back to general surgical work. The hospital was to be rebuilt but was 
not to have a special neurosurgical operating room. . 

I tried to forget my grievances doing a great deal of general surgical work. 
If I had not remained in America so long I should certainly' have given up 
neurosurgery. By this time I felt .so attached to this .specialized woik that I 
could stay away from it no longer. 



Fig. 3. — The photograph shows the forceps, connected both with the suction apparatus and with 

the electrocautery. 

By the end of 1936 I felt I had done enough general surgery and I decided 
to start my neurosurgical work independently. 

The first thing I asked for when coming to the private Catholic hospital 
of Gromingen was a special neurosurgical operating room and a special staff 
of nurses. In a few years the number of patients increased so much, that the 
Catholic Sisters decided to have also a special neurosurgical department in the 
hospital with a very modern operating room, which was to be used exclusively 
for neurosurgical work. In Jiil.v, 1941, this new department was opened and 
the work has been increasing very rapidly. 

Particularly for the woi-k in the cerebellopontine angle and also for the 
operations on deep-seated tumors, I have been using two instruments which I 
designed when I was studying in the Johns Hopkins Hospital. 
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One instrument is a brain spatula or retractor, Avhich can be used as a 
suction apparatus. Tlie other instrument is a ba.A'onet-sliaped forceps, which 
is not only connected ivith the suction, but also ivith the elect rocauteiy apparatu.s 
(see Figs. 1 to 3). Controlling a bleeding in a deep-seated place, I use the 
brain-retractor Avith my left hand, ex^iosing the bleeding point and aspirating 
the blood and the cerebrospinal fluid. At the same time I place the forepps 
on the bleeding point. Tliis point is then kept dry, because the blood and the 
fluid are continuously aspirated through a small opening in one leg of the 
forceps, carrying the suction tube. This forceps is also continuously connected 
AAuth the eleetrocautei-y apparatus. The bleeding point is therefore automatically 
coagulated, as- soon as the forceps is placed on it. The SAvitch for the eleetro- 
cauteiy is on the operating table. Having a sudden and sei'ere bleeding from a 
deep-seated point in a narrow operative field one really does not need much 
help. The only thing that has to be done is to expose the bleeding point Avith 
this brain retractor and place this forceps on the bleeding point; the rest is 
done automatically 3 L In ten years I have never used a silver clip to control 
bleeding. Particularly in the cerebellopontine angle, I feel much safer Avhen 
using these two instruments. 

I am perfectly sure Dr. Dandj’- Avill smile faintly at the idea of these instru- 
ments. He is neA'er Avorried about any bleeding and, moreover, he knoAvs very 
Avell hoAv to avoid bad bleedings, particularly in the cerebellopontine angle. 
When a beginner Avants to examine the sensory root of the fifth nerve, all the 
A'^essels in this angle seem to be in the AA'ay and several of them are apt to get 
torn before the sensory root can he seen. 

The cerebellopontine angle is really not a location for a beginner. It is a 
gorge full of pitfalls, 

I liave done over eighty opei-ations on the cerebellopontine angle. Still I 
neA^er forget to use my tAvo semiautomatic instruments. I have now done a 
series of forty operations for trigeminal neuralgia, folloAving Dr. Dandy’s 
method. In another series of ninety-cases I used Dr. Frazier’s approach. Noav 
that I have tried both methods I am sure I prefer Dr. Dandj'- ’s. It is a more 
physiologic operation. One is able to cut the pain fibers of all three divisions, 
preserving a good deal of sensation in the fii-st and second divisions. The ab- 
sence of the cornea reflex is even less frequent than after the tractotomy 
(SjoqAust operation). 

To be sure one has to be very familiar Avith all the technical details of this 
operation. I had to wait a long time before I could do this operation safely. 

DISCUSSION 

1. The anesthesia is, I think, the main technical point of this operation. If 
the anesthesia is not perfect, there Avill be too much bulging of the cerebellum. 
In such a case it is hardly justifiable to undertake a partial section of the sen- 
sory root of the fifth nerve at the pons. I noAV use local anesthesia (pantoeain 
1 0/00) Avith 1 c.c. soopliedal, injected into the transverse sinus during the op- 
eration. 
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2. The cerebrospinal fluid nn^st be drained very slowly from the cyslerna 
magna and lateralis cysterna in order to prevent vomiting. 

3. The petrosal vein must be thrombo.scd and divided befoj-e the seiisory 
root is exposed. This can be done easily and .safely with the help of my instni- 
ments. 

4. The arterial loops covering the sensory root should, if possible, be care- 
fully held aside. Cauterization is rather dangerous because these loops are 
too close to the bi-ain stem. 

5. This partial section can be done safely only in a dark operating room, 
the operator using a very good headlight. 

6. The dura defect must be closed, eithei- by suturing back the small dura 
flap or by using a fascia muscle transplant an Dr. Dandy has advised. 

In some cases I stiU prefer Dr. Fraziervs operation, particulaidy for patients 
with a very shoi1 and fat neck, and also for patients who are very old (75 years 
of age and over) I think Dr. Frazier's method is a safer procedure. 

In the Dandy series I lost one patient (79 v'oars old) avIio developed a post- 
operative pneumonia. The operation was done under ether anesthesia. Another 
patient, 62 years old, who had a heart failure, died suddenly on the second 
postoperative day, complaining much about precordial pain. 

In the Frazier series I lost ahso two patients. A woman of 66 years died 
in postoperative shock; a woman of 71 years developed a bronchopneumouia. 
This woman was also suffering from multiple sclerosis. 

The intracranial operation I like best of all is the partial section of the 
eighth nerve for meniere's disease. I have now performed twenty-seven of 
these operations. All the patients are doing well. This partial section of the 
eighth neiwe can be done much more easily than the section of the fifth. The 
’*petrosai vein should be left untouched and one hardly needs to retract the cere- 
bellum. As a rule I use only local anesthesia without scophedal. Before section- 
ing the vestibular portion I warn the patient that an attack of dizziness may be 
coming, which does not always happen. Ap occasional vomiting does not dis- 
turb this operation. Under local anesthesia there is hardly any bulging of the 
cerebellum, even when the patient starts vomiting. When the patient is sub- 
totaliy deaf on one side, I dmde the eighth neiwe completely, hoping to cure 
the patient also from the annoying tinnitus. I -vdsh I could start the daily pro- 
gram every day with an operation for ileniere’s disease. In the last twelve 
days I did four operations for tic and three for Jleniere's disease. I operated 
on two glossopharjTigeal tic patients with veiy good results. Patients with a 
benign encapsulated tumor in the cerebelloxmntine angle are not rare in this 
country. Unfortunately, the majority of them come to the neurosurgeon in the 
very last stage of tumor development. Therefore I have not practiced the most 
radical and total removal of these tumors yet. I operated on twenty-one pa- 
tients. I made a imilateral suboeeipital approach, resected a small overlying 
cerebellar cap, incised the tumor capsule, and curetted as much intraeapsular 
tumor tissue as possible. Then I removed as much of the tumor capsule as pos- 
sible, leaving the mesial side attached to the brain stem. Except for one, these 
patients did fairly well after the operation. One patient died three weeks after 
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the opei’ation from, a hronclioimcumoiiia caused by difficulty in swallowiug. lu 
two patients the signs of intracranial jiressui’c disaiiiicared only partially. I op- 
erated a second time and extended the suboccipital craniectomy bilaterally with 
good results. In the next twenty years I hope to operate very radically on these 
benign tumors in an early stage of their development. 

SUMMARY 

1. The development of intracranial surgery, particularly in the cerebello- 
pontine angle, is briefly reviewed. 

2. The operations for lesions of the cranial neiwes in the cerebellopontine 
angle are discussed, 

3. A series of 130 operations for major trigeminal neuralgia is reviewed. 

4. In a series of forty cases Dr. Dandy’s suboccipital route and in a series 
of ninety cases Dr. Frazier’s subtemporal route was followed. 

5. As a result of these 130 operations I prefer Dr. Dandy’s operation. 

6. The technical points of this operation are stressed. 

7 . Two new instruments for intracranial surgery are introduced. 

8. The section of the eighth nerve for Meniere’s disease, following Dr. 
Dandy’s method, is reviewed in twenty-eight eases. 

9. The operative treatment of the benign encapsulated tumors in the cere- 
bellopontine angle (acoustic tumors) is discussed and twenty-one cases reported. 

10. The section of the ninth nerve for glossopharjnigeal tic done by myself 
in two cases is described. 
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THE KEPAIR OP CRANIAL DEFECTS BY BONE GRAFTING 
R. A. Money; M.C., M.B., Ch.M., Sydney, Australia 

(From the Department of Neurosurgery of the lioyal Prince Alfred Hospital) 

INTRODUCTION 

A S LARGE numbers of persons received wounds of the head during World 
. War II, often with extensive loss of bone and damage to the brain, the 
time is now opportune to review the position regarding the repair of cranial 
defects and take stock of past results. The loss of iiortion of the cranial vault 
from trauma or other cause lias always been regarded as likelj’^ to have serious 
consequences. Even if hcniia cerebri does not occur, there may be some bulg- 
ing of the scalp and meninges from an underljdng collection of fluid, and pulsa- 
tions, synchronous with the heartbeat, are usually visible and palpable. Be- 
coming more mai’ked with effort and with lowering of the head, both these con- 
ditions become rather terrifying to the patient, and objects of interest to rela- 
tives and friends. Provided the dura mater has not been damaged, there is 
however, no great likelihood of dangerous sequelae, and restoration of the skul 
is necessary only for cosmetic reasons or for protection of the brain againsi 
further injury. When the dura mater has been injured, or portion of it de 
stroyed, then the loss of bone is more serious and may allow adhesions to occui 
between the brain, damaged meninges, and scalp, causing severe symptoms anc 
real disability. Should the brain have been damaged also, the resultant gliosii 
and brain scar become adherent to the scalp and a traction diverticulum formi 
from the lateral ventricle of the same side. Epileptifoim fits of jacksonian typi 
are then likely to occur, as well as lose of function, cori;esponding to the sib 
of the trauma. • 

Even if the brain itself has not been injured, changes in character an( 
behavior, headaches, fits, etc., seem to be expected of any person w'ho has 
“piece of bone missing from his head,” and all sorts of dire consequences ar 
supposed to follow a blow on the luiprotected area of brain. The patient live 
in dread of these consequences and rapidly develops an inferiority complex 
Various forms of protective metal and leather pads are often worn under th 
lieadgear. An excuse is present for misconduct, and even criminal tendencies 
and also for shortcomings and clironic invalidism as far as his earning eapacit; 
is concerned. Thus, in the absence of specific contraindications, repair of th 
cranial vault and damaged meninges should be carried out, not only for th 
relief of symptoms and signs caused by adhesions and brain scars, but als 
for psychologic and cosmetic reasons, and to obriate the wearing of externi 
protections, such as jockey ’s caps with metal inlays, etc. 

MATERLVnS 

The question of the most suitable material for repair of these defects hj 
always been a vexations one. An excellent reriew of the subject and the varior 

G27 
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substances in use was given by Grant and Norcross^ (1939). In tlie earliest 
case on record, in 1670, bone from a dog was successfully used, Ov'er 200 years 
passed before any furtlier reports of plastic operations on the skull appeared. 
Then followed a thirty -year pei-iod during which various types of bone grafting 
procedixres, including the use of the outer table of the skull, were advocated. In 
an endeavor to avoid two operations upon the one patient, plates made from 
various inorganic substances were then tested with varying degrees of success. 
Celluloid came first and continues to be employed by many surgeons. Then 
followed aluminum, gold, and silver. Eesults with inorganic materials were, 
on the whole, unsatisfactory to tlm surgeon and patient chiefly because of sepsis; 
and to the lay public they never rendered the patient immune from aftereffects. 
Indeed, the possessor of a “plate in tlie head’’ was always regarded with morbid 
curiosity, and was expected to become epileptic or insane. In Case 18 of this 
series, where celluloid had been inserted some ten yeare previously, a cyst had 
formed between layers and was the cause of severe symptoms. 

Autogenous osteoperiosteal or cartilage grafts became popular again during 
World War I. They were usually obtained from neighboring outer table of 
the skull and transferred to fill in the missing area by various ingenious maneu- 
vers. In other cases, free grafts were fashioned from tibia, split ribs, sternum, 
and scapula. Howevei*, these bones were not satisfactory donor sites because 
it was necessaiy to use several pieces to fill in large defects; a compromise was 
effected l)y tlie use of soupbonc or boiled cadaver skull bone which could be 
cut to any size or shape. Indeed Nafzigcr* (1936) advocated that bone flaps 
affected by osteomyelitis and intrinsic tumors should be boiled and then re- 
placed to obviate unsightly deformities and dangerous defects. 

In 1931, Pickei’ill,^ advocated the use of the inner table of the ilium bone; 
in 1932, I'' reported two ])atients treated bj' this method. The pendulum has 
now swung again toward inorganic materials. Eobertson“ (1944), using plates 
from a new metallic element, tantalum, claims to have found tlie theoreticall}’’ 
ideal plastic material which is chemically and electrically inert in the tissues. 

In 1944, Kazanjian and Holmes® I’epoi’ted thirty-eight patients in whom 
reconstruction of the frontal bone had been carried out after radical operation 
for osteomyelitis. When large grafts wei'e needed, these authors had used 
vitallium strips and plates, tantalum plates, and, in one instance, an aciylic 
mold. They admitted that inorganic substances were unsatisfactory, because 
even the newer materials which were allegedly inert caused foreign body reac.- 
lions in the tissues and had the jisychologic disadvantages mentioned previously. 
They regarded living bone as the ideal material, but because they favored the 
tibia or the crest and anterior portion of the ilium as donor sites for strips of 
bone, they only advocated bone grafting for areas less than two and one-half 
inches in diameter. They were apparently not awmre of the method of obtain- 
ing large grafts from the inner table of the ilium, w'hich is regarded as the ideal 
graft for the skull for the following reasons: 

1. A large enough portion can be obtained in a single graft to fill in 
almost any deficiency. 
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2. It is curved in the correct planes and- can lie molded further if necessary. 

3. Its inner surface is smooth and not likely to become adherent to the 
underlying dura, even where it has been repaired or replaced by a graft of 
fascia. 

4. Its outer surface of cancellous bone invites a fresh blood supply from 
the overlying scalp, to keep the graft alive. 

OPERATIVE TECHNIQUE 

The pathologic lesion in the head must be dealt with first. The scalp, 
whether it be intact or composed largelj-- of scar tissue, must be reflected well 
beyond the limits of the missing bone, and the dura or its remains must be 
identified. Where the dura and brain have been damaged, scar tissue and 
cerebral gliosis should be excised as far as practicable until healthy cerebrum or 
the ependyma of the ventricle is encountered. The, dura must be freed beyond 
the edge of the defect in the bone and then reconstituted with the aid of a 
graft of fascia or other substitute, if necessary. A bed for the graft is prepared 
by removing 3113 '- irregular or indriven pieces of bone and beveling the edges of 
the gap; a pattern is made the exact size of the gap from a piece of zinc foil. 

For the cutting of the givaft an incision is made just above the crest of 
the ilium, as described by PickerilP (1931). The abdominal muscles and fascia 
are detached with a knife close to the bone. The periosteum is divided along 
the inner aspect of the crest, and the iliacus muscle is stripped from the 
inner table of the bone. It is then retracted mediall}^ with a wide-bladed 
Royle retractor, until sufficient area is exposed to accommodate the mal- 
leable metal pattern. This is placed in position with its longest border along 
the iliac crest and a graft of corresponding size and shape is marked out with 
a sharp instrument. It is most important to cut through the inner table along 
these lines wth a narrow osteotome first, before separating up the graft, other- 
wise the field becomes obscured witli blood and the limits of the graft cannot 
be seen. A wide chisel, with a slight degree of flexibility or curvature, has been 
found most suitable for cutting through the diploe evenly. Bleeding from the 
ilium bone is controlled ufith Horsley’s wax, and the wound is then closed 
with a soft drain which is left in for thirt 3 ^-six hours. The graft itself can be 
trimmed to fit into its bed accurately with strong scissors. In the earlier cases 
of the series, it was simply fixed in place with absorbable catgut sutures, but since 
the availability of stainless steel wire, it has been wired into place. The scalp 
is replaced and the wound closed aceuratel 3 ^ Drainage for thirt 3 "-six to forty- 
eight hours is advisable and a large protective dressing should be applied. 

INDICATIONS 

Some of the indications for cranioplasty have already been discussed and 
along with the remainder, they may now be summarized as follows: 

( 1 ) Post-traumatic fits associated until missing bone, adhesions, a cerebral 
scar, and traction diverticulum of a ventricle 

(2) Headaches, and the syndrome of the “defective cranial vault,” namely, 
dizzine.sa, lack of concentration, loss of energ 3 ', mental instability, and intoler- 
ance of noise, etc. 
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(3) Feelings of disconiforl, pulsation, and throbbing at the site of the de- 
fect, usually associated with cerebral hernia and changes of weather 

(4) Tlic need for protection against furtlier injury to tiie brain, associated 
wdth certain occupations and sports 

(5) Unsightly cosmetic defects causing an inferiority complex 

COXIR UXniC VTIOXS 

With the advent of the sulfonamides and penicillin, there are now few- 
local contraindications for cranioplasty; but, if the original wound has been 
infected, and if there remain indrivcn bone fragments and foreign bodies, a 
period of at least three months from the time the wound has liealed should be 
allowed to elapse before grafting is attempted. 



'ig 1 (Case 2) — Lateral roentgenogram taken before the insertion of the ilium graft m 

Ma^, 1932 

AXALISI-S or CASES 

In support of the foregoing contentions, a seiies of 20 consecutive cases 
vith 21 grafts is submitted. Details of these cases are shown in Table I. A® 
aight be expected, there were 19 men and only 1 wmman. Excluding the woman 
heir ages varied from 6 to 37 years, the avei-age being 20 years. Tlie various 
egions of the skull were affected as follows: frontal, 8 cases; parietal, S cases; 
emporal, 3 cases; occipital, 1 case 

The onset of symptoms and signs for wliich relief w-as sought varied from 
three months to nineteen years after the ti-anma; opei-ation w-as undertaken 
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from llu'oc Bionllis to sixtoen years artor their onset, for the following reasons; 
fits, 13 eases; headaches, 8 eases; liernia cei-ebri, 4 cases; hemiplegia, 3 cases; 
neurosis, 2 cases; cosmetic defects, 2 ca.ses; protection, 2 cases. 

In 16 cases, the dura mater and/or brain had been dainagcd. In 10 of 
them, eneephalography demonstrated the presence of a cerebral cicatrix with 
traction diverticulum for tlie underlying lateral ventricle. In all these cases, 
excision of the cicatrix with its surroiuiding area of gliosis was performed as 
far as was practicable (without producing further loss of function) and the 
dura mater reconstituted, pi-ior to the fixation of tlie gi’aft. 

In 3 cases, the repairs and the grafting were done at separate operations, 
and in 1 patient (Case 10) a second graft had to be iimerled where cadaver 
bone had been absorbed. The inner table of the ilium bone was used 14 
times, cadaver skull 5 times, and autogenous skull 2 times. In 3 eases, free 
grafts of fascia were needed to repair the dura mater. 




Fig. 2 (Case 2). — pateial loentgrenopiam t.aken in Febiuary. 1945. nearlv thirteen 
mum fThtt (Fie:. 1), shoums a sootl deal of ii regular absorption of the 



DISCUSSION 

Some of the cases presented are worthy of special comment, especially 
Case 5. This patient sustained an injury in the left frontal region and orbit, 
when a heavy hammer fell 120 feet down the shaft of a mine in wliich he was 
working. Primaiy operation and debridement were performed at a countiy 
hospital, and a very satisfactory reeovexy took place, considering the severity 
of file trauma. Wlien seen about eiglit niontlis later, iiowever, the patient coni- 
plained of lieadaches and some slight disability with speech and urinaiy con- 
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trol; he liad liad one major epileptic fit. He presented an extraordinarily bad 
cosmetic appearance (Pigs. 3 and 4). He could not voluntarily open the left 
eyelids, but on separating them the eyeball A\as seen displaced downwai’d into 
the antrum. The extent of the damage to the skull and orbit and the indriven 
fragments can be seen in the loentgenogiams (Figs. 5 and 6). 

At the operation, alarming extradural hemorrhage was encountered -when 
removal of one of these fiagmcnts nas attempted. It probably came from the 
sphenopai-ietal sinus, and was controlled tcmpoiarily by packing vith gauze. 
Followinar a parlous convalescence, a satisfactory cosmetic result nas obtained. 
Only tno fits occurred during the next three yeaiN; in a letter ni-itten in Decem- 
ber, 1944, he stated he vas symptom free and working strenuously as an axman 
in a pine foiest. 




Fig 3 Fig 4 

Fig 3 (Case 5) — Front Men, showing the ileforniiU of the loft fiontal legion anrt oibit 

Fig 4 (Case 5) — View of the left side 

Another patient (Case 10), in addition to fits, also had a bad cosmetic 
result after injurj His appearance is as almost identical vith that of the 
patient shown in Fig 3 of the article bj Grant and Norcross’ (1939). Polloving 
removal of seieral mdinen flagmen! s of bone, foreign bodies (dirt), and an 
extensi% e area of gliosis, the gap in his skull was filled m with a large piece of 
bone, removed some time befoie fiom a patient iiith an inoperable brain tumor 
(Pig. 12). No further fits or headaches occurred, and two years later he en- 
listed in the Royal Australian Engineers A I F , sailing for the Middle Bast m 




fragments. 
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Fig. 7 (Case 8). — Lateral locntgenogiain showing the large c\(la\ei graft, Apul, 1940, shortlj 

after Us jn«orlion. 



Fic- 8 (Case 8)* — Lateial roentgenogram taken in Decenibei, 1944, shoivmg onl\ a \ery slight 
^ ^ '■ amount of ab'=;oi otion aftei nearly fi\ e years 





Fig. 9 (Case 9), — Lateral roentgenogram taken in March, 1940, two years after the insertion 
of the outer table of a large fragment of the skull as a graft in April, 1938. 



Kip. 10 (Ca*?o 9). — Lateral roonlpenogram Uiken in December, 1944, showing that there 
been praclicalU no absorption of the oul*»r tabic gi’nft, and that bony union has occurred 
v\ Itli the skull In place*:. 
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Fipr. l-( (Ca‘?e 10). — Lateral roentccnoKrain showinp the ihum graft -wired m po’:;ltion, Januar\'. 

1945. 
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March, 1940. After taking part in llic first Libyan Campaiji’ii in 1941. tlio fils 
recurred witli gradually increasing freciueney and severity; lie was repatriated 
and discharged from the Army in 1942, When he was re-examined in Decem- 
ber, 1944, the fits were occurring about, three limes a week. The grafted area 
felt very irregular and was tender. A roentgenogram (h’ig. 13) showed that prac- 
tically the whole of the graft had been absorbed. The traction diverticulum 
from the right lateral ventricle was still demonstrable by encephalogram (Fig. 
11). The remains of the cadaver graft were removed, together with some addi- 
tional fragments of displaced bone, and a graft from the ilium was wired in 
*lace (Fig. 14). It is too early to predict the final outcome but wliile the 
patient was under sedation no fits had occurred for one month after operation. 



Fig. 15 (Case 12). — Latural roentgonograni showing complete absorption of a cadaver 
graft inserted nearly six yeans pieviously. The loeiitKinogiam taken sliortl.v .after the in.sertion 
of the graft has been lost. 


Case 18 (the only woman patient in tlie series) was of intere.st because of 
the length of time the headaches had been present. Tlie nature of the original 
injurj”^ which occurred in childhood could not be determined nor the pathology 
(if any) for which the first operation iva.s done in the countiy thirtj'-five years 
before. Two celluloid grafts had been inserted at a second operation, elsewhere, 
six yeai’s before, but headaches had recurred within a few months. Subse- 
quently, some regeneration or overgrowth of bone occurred around the edges 
of the gap in the skull, and at the third ojicration, one year before, a collection 
of fluid, enclosed in a smooth adventitious sac, was discovered between the two 
layers of celluloid. Eomoval of the celluloid plates, the “c.vst,” and the new 
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Fig. 16 (Case 14). — Lateral roentgenogram showing only patchy absorption of cadaver graft 

inserted five years previously. 



Fig. 11 (Ca.sc 17). — Lateral roentgenogram tahen nearly flve years after tlie insertion 
of an iiiuin graft (February. 1945), showing that there lia.s been little absorption and tliat 
bony union h.as occurred. 



Surgery 





FIff. IS (Case Ifl). — Anteroposterior encephalogram sliowing tlio extent of the diverticulum 
from the riglit lateral ventricle, almost reaching the site of the fracture. 



Fitr 19 (Case 19). — Posteroanterior encephalogram taken with the patient sitting up, to sho« 
' the upper and outer limits of the diverticulum. 


MONEY; THE REl^MH Or CKANIAH DEFECTS BY BONE GRAFTING 04/ 

bone formation, and evacuation of a collection of tluid deep to the inner layei 
of celluloid, relieved the severe headaches, but sufficient time has not yet elapsed 
for adequate follow-up. 

The encephalograms accompanying Case 19 (Pigs. 18 and 19) show the 
extreme degree to which a traction diverticulum from a ventricle may extend. 
In this patient, the scarred cortex was only a few millimeters thick, but it was 
possible to dissect it off the ependyma of the diverticulum and leave the latter 
intact. The insertion of a graft from the patient's ilium (Pig. 20) has relieved 
the major fits. Three petit mal attacks with visual hallucinations occurred 
when sedation was stopped too soon. ' He has, however, been able to continue 
his work in mechanical engineering. 

1 



Fig. 20 (Case 19) — Lateral i oentgenogi am taken in Fekruary, 1945. showing the ilium 
giaft wirea into position nine months preriousli. Theie has been no absorption and bony 
union IS seen to be occurring. 

Complications were few. In three patients, infection occurred in the nonnd 
of the ilium and did not settle down until several large pieces of Horsley ’s wax 
had been evacuated. Hove careful preparation and storage of the wax, and a 
less liberal application to the diploic surface of the ilium eliminated tliis trouble. - 

In one patient (Case 2) in wliom part of the large graft contained the 
whole thickness of the ilium, during a nocturnal fit one month after operation, 
a fracture of the ilium nas caused by muscular violence. Outward and down- 
ward displacement of the fragment was produced by the action of the gluteal 
muscles. It was replaced by manipulation and kept in place with a plaster 
east. After six weeks firm union and a siitisfactory result occurred. 

The only death in the scries A\as due to a sti-eptococcal infection of a 
hematoma under the scalp flap. Subsequently, a secondary infection with a 
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Iiemolytic Slaplii/lococcus «h/'ciw also loolc place. Siill'aiiilamide and sulfa- 
pyridine were both administered early, hut, in the lijihl of nioi'c recent knowl- 
edge, the initial dosage wa.s pi-obablj' inaderiuate, and Iho organisms hecamc 
.sulfonamide resistant. In spite of 1hc.sc drugs and removal of llie gi’aft, the 
infection spread to the meninges and to the ependyma of the ventricle whose 
diverticulum had been opened into widely, with a fatal result about four weeks 
after operation. The graft itself, though from a cadaver bone, was not in- 
criminated. 

Unusual complications oeeun-ed in Case 7, not directly concerned with the 
bone grafting. About one year after the .second operation, and associated with 
an attack of funmculosis, the patient wa.s found to be suffering from diabetes 
mellitus which could be controlled only with large doses of insulin. As im- 
provement occurred, several hypoglycemic episodes followed, during one of 
which he had a violent fit and fell downstairs. Soihe weeks later, a kyphosis was 
noted in the thoracic region, and compre.ssion fraetiu’es of the bodies of fourth, 
fifth, and sixth thoracic vertebrae were discovered in a roentgenogram of the 
spine. In July, 1942, he died of diabetes mellitus. 

RF..SUnTS 

In eleven patients (5.5 per cent) ‘•.satisfactory" results have been obtained 
in that, for periods from nine months to thirteen years after oj)eration, they 
have been symptom free and at continuous work. Of these patients, six had had 
epileptiform fits. Thus, 46 per cent of the patients suffering from traum.atic 
epilepsy appear to have been cured. 

Five patients, of whom four had had fits, were classified as “relieved,” in 
that their symptoms and fits occurred with less freciuency and severity. In 
two patients (Cases 7 and 15) no relief of fits occurred after depressed frag- 
ments of bone, foreign bodies, and adhesions were merely dealt, with; the brain 
scai-s were excised later. Relief was then atforded the former. Unfortunately, 
the latter died. 

Two patients had been clas-sified as ‘‘unsatisfactory.” In one (Case 10) 
the fits recurred three years after insertion of a cadaver graft, but if thes second 
operation with ilium graft is more successful, he may be upgraded later. In 
another (Case 12), after one year’s freedom, fits recurred upon cessation of 
sedation, but he was able to serve three years in the Armed Forces. The graft 
in this case was also composed of cadaver bone, and a second operation to insert 
a graft from the ilium bone is contemplated. Finally, in one patient who had 
■ not had fits, follow-up was only for a few months and has not been classified. 

. * 

FATE OF THE GRAFT 

Where cadaver bone has been used, varying degrees of absorption of the 
■graft have taken place. In Case 12, the roentgenogram (Fig. 15) taken nearly 
six years after operation does not show any radiologic evidence of the graft, which 
appears to have been completely absorbed. The defect, however, felt quite solid 
and was not tender. In Case 10, absorption wa.s extensive, but not quite com- 
plete in six years (Figs. 12 and 13). There was much less absorption in Case 
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14, as can he seen i'rom the j'oentgenogram (Fig. 16) taken five years aflenvavd; 
ill Case S only a few small areas of absorption were noted after nearly five years 
(Figs. 7 and 8). 

The fate of the ilium grafts has been more satisfactory. In Case 17, the 
roentgenogram (Fig. 17) taken nearly five .rears after operation shows that the 
graft is practically intact and that bony union has occurred at many places 
around the periphery. In Case 2, although some absorption has taken place 
during the thirteen years which elapsed (Fig. 2), the clinical and cosmetic re- 
sult has been satisfactory. In Case 19, after a period of nine months, the graft 
looks intact and bony union has already occurred (Fig. 20). Other patients 
have been traced by letter, and their clinical results are uniformly good. Fur- 
thermore, in Case 7, where a second operation was perfonned twenty months 
after the graft, for excision of the brain sear, the graft Avas found intact, and 
bony union had occurred betiveen it and the skull, except at two small areas. 
Thus, the chances of survival of ilium grafts appear to be excellent. 

Similarly, Avhere the outer table of a large fragment of the skull Avas used 
(in Case 9), the graft has undergone A’cry little change (if anj') after six years 
(Figs. 9 and 10), so that this form of grafting also appears to be satisfactory, 
wlicn available. 

SUMMARY 

1 The seciuclae of cranial defects, both organic and psychologic, ai’e dis- 
cussed, and reasons for their repair are given. 

2. Some historic aspects of the various methods of grafting are referred to, 
and attention clraAvn to the different sources of grafts (a) from bones, both 
autogenous and homogenous, and (b) from inorganic materials, such as celluloid, 
metals, and plastics. 

3. The advantages of using the inner table of the ilium bone OA'er other 
bones and Amrious inorganic substances are pointed out. 

4. Indications for bone grafting to the skull are given and important points 
in the operative techniciue and its scope, are described. 

5. Table I is submitted, giving details of a series of 20 consecutive patients 
treated Avith 21 grafts. In 16 patients, laceration of the dura mater and/or 
brain had occurred; in 10 patients, bi-ain scar and ventricular diAmrticulum had 
developed; 13 patients had suffered major epileptiform fits. Special comment 
is made upon the unusual features of some of the cases. 

6. Tile inner table of the patient s ilium AA’as used on 14 occasions, and 
the outer table of the skull, 2 times. Cadaver grafts Averc used in the remainder. 
On 3 occasions, a free graft of fascia Avas u.sed to repair or replace damaged 
dura mater. 

/. The folloA\*-up lesults for jAcriods from thirteen A^eai*s to nine months 
are presented; 11 cases have been classified as satisfactory; 5 as relieved 3 
as unsatisfactory” (including one death), and 1 aaus not traced long enough to 
be classified. 

8. Of the 13 paliciAts Avho had fits, 6 had been regarded as cured, and 
4 as relicA-ed. 
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CEPHALHEISIATOjMA deformans 

Late Developments of Infantile Cephalhematoma 

A. Schuller, IM.D., and F. Morgan, M.D., SIelbourne, Australia 
(From the St. Vincent’s llospital.) 

H ead injuries acquirecl befoi’e, during, and just, after birth, in infancy and 
in childhood, are now generally recognized as important causes of severe 
cranial and cerebral lesions leading to mental abnormalities, epilepsy, mono-, 
hemi- or diplegia, blindness, or deafness. 

The sequelae of infantile head injuries are somewhat different from cranial 
and intracranial post-traumatic lesions in adults; they are as follows; 

1. Fractures of the infantile skull may not heal by bony union; on tlie con- 
trary, the dehiscence between the margins of the fracture may enlarge, thus 
producing a considerable cranial defect after some years. Probably this is duo 
to general or local increase of the intracranial pressure {meningocele spuria 
traumatica Billroth; hernia cerebri trattmatica) . 

2. Subpericranial and extradural collections of blood {ceplialhaematoma 
neonatorum and infantum) sometimes produce in their late stages cystic cavities, 
osseous shells, or tumorlike hyperostosis of the cranial walls. 

3. An extensive ossification occasionally takes place inside organized sub- 
dural hematomas following infantile head injuries. 

4. Cerebral or meningeal hemorrhages of early ehildliood often cause diffuse 
or localized shidnkage of the brain (traumatic porencephaly and microgjTia) 
with consequent enlargement of the ventricles or formation of cysts containing 
cerebrospinal fluid. 

5. Uni- or bilateral micro- or hydrocephaly, generalized or localized thicken- 
ing or thinning of the cranial walls may develop in ehildliood due to post- 
traumatic scar or cyst formation of the intracranial contents. 

6. It is not infrequent that characteristic calcifications called “ brainstones ” 
are fonned during childhood in traumatic scars of the brain. 

Roentgenologic examinations afford the best opportunity to study the de- 
velopment of the post-traumatic cranial lesions mentioned. The roentgen find- 
ings are often significant in cases where the history and clinical examinations 
are not very helpful for diagnosis. Dandy’s encephalographic method is of out- 
standing importance for the detection of intracranial abnormalities due to infan- 
tile head injuries. 

In this paper we arc dealing with the clinical state and the roentgen ap- 
pearance of the late developments of infantile cephalhematoma. It is well 
known that infantile cephalhematoma persists for weeks or months and then, 
as a rule, completely disappears. Occasionally in the later stages hyperostosis 
or cyst formation of the cranial walls takes place; to this peculiar organization- 
'• of cephalhematoma Recklinghausen gave the name o.steitis fibrosa cystica. 
Choyce' stated : “An ossified haematoma might simulate leontiasis or tumour of 
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the skull, but be distiu'fuisliable in a .skuifriain and by palijation, if, as liln 
ossification is ineomplele ovei’ the svininnt of the spoiling ” Chorobski ; 
Davis- gave a detailed review ol clinical and surgical cxpeiicnccs regard 
cephalheinatoinas Scbullcr'’ dcsciibcd x-ray findings in a case oi cepbalhei 
toma frontalc. 

In the case leports are picbcntcd clinical liistoiics and x-ray findings in l 
eases Mith diagnoses of late development of iniantile cephalliemafoma. 



Fig 1 (C i«e 11 — Lateral roeiitgeiiogi im of the ligUt side of the skull shotting hl'perostosis 

right frontal aiea 


CASE REPOUTs 

C\SE 1 — Miss M, aged 27 aeais, complained of occasional lieadaclies for three jea 
When 9 jeais old she was hit on the head b\ a falling blackboard; a spelling ivhich h 
persisted since de\ eloped qaicklj on the right side of the forehead On examination t 
right side of the foiehead, inainla in the supraorbital region, and the adjacent tenipoi 
area iiere found to be prominent, the light ejeball stood louei than the left. The sea 
could easilj be iiioted oiei the smooth, nontender piominence Theio Mere no objective 
subjective murmurs Smell and cjesight were normal 

Eadiograph of the skull (Fig 1) showed thickening of the light side of the foiehe; 
up to 10 cm., coriesponding to the major part of the leitical plate of the frontal bone ? 
sharp outline could be seen between the thickened and neighbor iiig normal pait of tl 
cranium. The diploe of the thickened area appeared paitlj noimal, paitlj i.uehed, and co 
tained scattered dense islands 2 to 5 nmi. in dianietei The inteinal lainina was thin an 
dense, the external lamina well outlined but thinned oi absent oier the summit of tlie bulg 
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riie frontal sinus ^^as absent on the right side; the left frontal sinus was normally tlevelopecl 
IS were tlie other- sinuses on both sides. Tlic liorizontal plate of the frontal bone on the 
riglit side was thickened up to 12 nun. and had a dense slructuvo; it formed a flattened 
roof over the right orbit, the level of wliich was 1 cm. below the level of tlie left orbital roof. 

Case B.*" — ^hlrs. B., aged 54 years, was sent to the IMelbourne Eadiologieal Clinic for 
x-ray examination of the chest and paranasal siiruscs. An abnormal appearance of the 
froirtal bone was detected. Clinical exanrination showed a tunrorlike prominence in the right 
frontoparietal region. The swelling followed a fall on the floor when the patient was some 
rvcekb old; it had never caused trouble. X-iay c.xamination of the cranium (Figs. 2 and 3) 
revealed the following details; Tire nredial part of. the right parietal bone aird the vertical 



Fig. 2 (Case 2).— Lateral roentgenogram o£ the right side of the skull showing hyperostosis of 

right frontal area. 

portion of the right frontal bone were thickened. Tlie appeaiance of the internal and ex- 
ternal laminae of the thickened area was not much different from the normal side. The diplop 
had a mottled appearance duo to the presence of osteopoiotie and sclerotic islands. No sharp 
outline could be scon between tire mottled area and the normal cranium. The frontal sinus 
was absent on the right side; it was of medium size and normal shape on the left side. There 
was also a pronounced difference between the tiro lialves of the anteiior part of the base. 
Tlie horizontal poition of the frontal hone, the posterior pait of the ethmoid, the body, and 
the lesser rving of the sphenoid rvere much thicker on the riglit than on the left .side. The roof 
of the orbit stood on a lower level than on the normal side. Tlie thickened right lesser rving 
of the sphenoid was of uniform dense structuie; the thickened right half of the sphenoidal 
body and the liglil postcrioi otlinioid were partly dense, partly pneumatized. A supraorbital 
cMcnsion of the riglit ethmoidal celN filled the anterior half of the right horizontal plate of 
the frontal hone. . 


•Hislorr .ana raaiograplib of tins patient tlirough Uic courtesy of Dr. Stuait Cro^«. 
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In Cases 1 and 2 there was similar roentgen appearance, namely, (1) thick- 
ening of the right anterior part of the calvaria presenting a mottled diploetic 
structure, (2) eburnated hyperostosis of the right anterior part of the base of 
the skull, (3) an aty])ica] paranasal pneumatization on the right side. 



Fig. 3 (Case 2). — rosteroanterior view shoAvlng hyperostosis of light side. 


Case 3. — Mrs. O’D., aged 72 jeais, rtas sent to the x-ray department of St. Vincent’s 
Hospital for examination of a cranial deformity. The patient herself did not want this e.v- 
amination as she had nc\er been inconienienced by tlie cranial deformity. In her early child- 
hood she had been hit on the head by an axe; a cranial deformity developed after the injury. 
The photograph of the patient (Fig. 4) shows an asj-nimetrical prominence of the forehead 
and the naso orbital region ; both eyeballs appear displaced laterally, the left one more so 
than right. Enlarged leins could be seen on the skin covering the left frontotemporal prom- 
inence. The left eyebrow was elevated. On palpation the bulge was resistant like bone and 
not tender. The skin could bo easily folded over the bulge. 

Eadiograpli (Fig. 5) showed an enormous thickening of the anterior part of the cranial 
wall; the tumorlike prominence was mainly eccentric and more pronounced on the left side. 
The largest diameter of the thickening was about C cm. Lamina externa and interna were 
well outlined and smooth. The space between the two laminae contained cystic cavities, 
normal and porotic diploe, and numerous islands of dense bone, some of which looked like 
eburnated sequestra. No frontal sinuses could be seen. In the base of the skull the pos- 







tenor pnit of tlio etliinoul tnnl tlw anteiior prrl of (in' ‘-piu'iioulai boih joesonluil uu ononimu*- 
cnlargpniont up to i> tm )n tlic traiisroise ihamcliM tlto oihital rarities (lirpr>r 

telonsm). The stnufuic of tlie enUit^ed paits was <1t'n<.c oa the left sitle; pneumati/atioa 
of tlie etlimoid and sjilieiioid was jiresent on the n"ht soie Tlie ^reat wiiifr and the pfcrjgoid 
process on the leit side weie thirkened mid dense. Tlie lionroiital parts of the frontal bone 
had a peculiar uppcaiante: Piofde radiogiaphs showed the outlines of the tianial and orbital 
plates distincth on the right side; the two plates dirciged fiom behind forward at an angle 
of 45 degrees and weie separated from earh other In spongr bone; on file left side flic liori 
rontal portion of the frontal bone appealed fhickei and denser than on the right side; 
its orbital plate was indistinetlr outlined. 



Fig (j (Case 4) — Lateral locntgtnogiam of the rigiit bide of the skull showing marked hyperos- 
tosis 

In Case 3 the extent ol the asjmmctiieal hyperostosis occupying’ the fionto- 
temporal region and the anterior basal part of the skull was enormous The 
roentgen appearance of the cranial deformity was bizario and offered some dif- 
ficulty of explanation Neteitheless, tlie peculiar type of the deformity and 
its structural abnormalities could be w'cll interpieted by comparison with the 
findings in Cases 1 and 2, especially with legard to the mottled appearance of 
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Hie diploelic liypomstosis of the enlvariii and llie dense liyjieroslosis of the base. 
An excessive degree of hn^ertelorisni n-as iircsenl in Ibis ease: llic orbital cavi- 
ties were 6 cm. apart. Pnenmatizalioii of the fronlal, ctlimoidal, and sphenoidal 
bones was absent on the left and poorly developed on tlie riglit half of the skull. 

Case 4. — Mr. E., aged 71 yoai.s, piescnted a pionoimced deformity of the forehead, 
noticed since eaily childhood; it did not cause any trouble. X-ray examination of the head 
(Fig. G) shoued thickening of the anteiior half of the cranium and of the base of the skull. 
The hyperostosis %Yas more pronounced on the right side. Xo paranasal sinuses were present 
on the right side, but there weie large ones on the left. Tire structure of the hyperostosis 
was similar to that of Case 3. 

The comment given on Case 4, when published bj" one of us (A. S.)^ in 1940, 
was as follows : 

“With regard to the history of the ease, especially the presence of the 
deformity since early childhood and the absence of clinical symptoms during the 
whole life, the most pi’obablc diagnosis is: Cephalhaemaloma. 



Vis. c (Case o). — Pliotograph showing exophthalmos and deformity. 

“Wc can imagine that in early childhood a large traumatic haematoma 
elevated tlio outer periosteum of the anterior lialf of the skull. Later on, the 
wall of the haematoma was os.sified. forming a cystic cavitation. Inside the 
hlood clot different lype.s of osseous slrncfurc have developed, .spongy bone, 
nodules and ridges, hut especially a most unusual looking new growth-like 
hypertrophy of tiie walls of the rudimeutavj' sinuses."’ 
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Case 5.* — Miss P., aged 20 years, complained of double vision and prominence of the 
left eye seven weeks before admission to the Cancer Hospital, Hondon. Three weeks later 
an aching pain developed in the left supraorbital and temporal region. This region was 
injured in childhood by a cricket ball. The injured area of the skull had since been prom- 
inent. During the four week.s previous to admission to the hospital the swelling had increased 
in size. After admission the pain disappeared and the swelling became smaller after rest in 
bed. 



\ 


, I . 

F.ft. R (Case .I). — Ijateral roentseiiopTrani of the left .side of the skull shdwliifr larRO detects and 

hyperostosis. 

Examination showed a diffuse enlargement of the left frontal and temporal region 
(Fig. 7) and a small shallow depression about one'' inch in diameter above the left supra- 
orbital margin. The skin over the whole region was normal, neither fixed nor tender. The 
bone felt soft like a fetal skull at the site of the shallow depression mentioned previously. 
The left eyeball was displaced forward and downward. The lacrimal gland felt hard and 
was pushed forward. The actual movements of the eye were normal apart from disability 
due to alteration in position. Vision was normal; there was no pulsation of the eyeball; no 
bruit was audible. _ 

Blood and urine examinations were normal. "Wassermann test was negative, inner 
organs were normal, and radiographs of the skeleton negative. 

•Clinical history of this patient, photographs, and radiographs were sent to one of us 
(A. S.) by the late Professor 1. M. Woodburn Morrison. 
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A small piece of bone was removed from tlie left frontal region at tbe periphery of the 
swelling. The trephine plug was examined by the pathologist. lie roporlcd that the asso- 
ciated features of tlie histology of the specimens and the failure to detect any trace of a 
neoplastic or granulomatous process .suggested that the condition was primarily pressure 
necrosis of the bone, probably of traumatic origin, resulting in suprocranial or intracortical 
hemorrhage which failed to organize and induced a rarefying osteitis in the neighboring bone; 
tlie vascularity of the loose connective tissue tilling the spaces would be liable to iuereaso 
the absorption of bone;and to'favor hemorrhages. Massive hemorrhage into coalescing resid- 
ual cysts following such heniatomata would tend to occur. 

Kadiographic examination of tlie skull (Fig. S) showed the following details: Tlie 
bulge of the left forehead was caused by thickening of the verticnl portion of the frontal 
bone. A large defect of the bone was present corresponding to tlie depression in tiic left 
supraorbital region. The defect nieasiired two and one-half inches in the vertical and two 
inches in the transverse diameters; the outline of the defect was irrcgnhir. Tlie structure of 
the surrounding thickened part of tlic frontal squama appeared diploetic and mottled by- 
spotted sclerosis. Frontal sinuses were wanting. On the base of the skull there were marked 
changes in the walls of the left anterior and middle fossae. Tlie roof of the left orbit was 
absent. Its defect appeared to be continuous with the large defect in the vertical portion 
of the frontal bone. The greater and lesser wings of the sphenoid on the left side were 
tliickened and of dense structure. The left lialf of the sphenoidal body was not pneumatized; 
the sphenoidal sinus on the riglit side was well developed. 

j In Case 5 are shown the chavaeiers of nniJateral 'frontal h.rperostosis similar 
to those in Cases 1 and 2. Case 5 varies from the other two in that there was a 
large defect in the central portion of the hyperostosis. Parts of the vertical 
as well as the horizontal plate of the frontal hone were destroyed. The destruc- 
tion was probably caused by a recent hemorrhage inside the hyperostosis. 

DISCUSSION 

The histories, the clinical signs, and the radiogi’aphs of five adult patients 
have been described, showing similar and characteristic features: 

1. A history with origin in infancy^ or childhood (a cranial' injury is men- 
tioned as the cause in four of the five eases) 

2. A peculiar type of bulging of the forehead, more pronounced on one side 

8. A circuinseribed cranial hyperostosis presenting an unusual and bizarre 

structure 

No sign or symptom of intracranial or ocular disorder was present in 
Cases 1 to 4. Tlie deformities of the head which endured from youth to adult 
life did not worry the patients. The ages of the four patients when examined 
were 72, 71, 54, and 27 years. 

One patient (Case 5) entered the hospital because of headaches and pro- 
trusion of the eyeball suddenly at the age of 20 years. A defect of the frontal 
bone in the center of the hyperostotic area was detected by clinical and radio- 
graphic examinations. This defect was probably due to fresh hemorrhage. The 
sudden onset of symptoms can be attributed to pressure by^ the hematoma. This 
explanation is supported by the result of the biopsy^ 

One patient (Case 4) was a man, the others were women. 

The roentgen appearance of the peculiar type of circumscribed hy'perostoszs 
can be summed up as follows : The calvai'ia ajid tlie base of the anterior part 
of the skull are involved, mainly on one side. These parts are thickened con- 
siderably, up to 6 cm. in one case. The thickening is mainly eccentric, its ill- 
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defined edges merge gradually into the normal neighboring bone. The structure 
of the hyperostosis is not unifo)‘m; diploe lined by tliin external and internal 
laminae prevails in the thickened calvaria, eburnated hyperostosis in the basal 
area. One may find osteoporosis, osteosclerosis (similar to the well-known stnic- 
ture of the calvaria in Paget's osteitis deformans), cystic cavities, and bony 
fragments resembling sequestra inside the bony swelling of the calvaria. Some- 
times paranasal sinuses are not devclo])ed on the diseased side; if they are, their 
shape is atypical. 

None of these patients reiiuircd o])erative treatment. 

We propose for the cranial defoi-mitics represented by the five eases de- 
scribed here the name "Cephalhematoma deformans.’’ 

The pathogenesis of cephalhematoma deformans can be explained as follows: 
Early stages of infantile cephalhematoma occasionally show new formation of 
bone along the elevated i)ericraniuin, along the disi)laced dura mater, and inside 
the swelling. The newly formed bone may comi)lelely disappear; rarely it per- 
sists and groAvs pari passu Avith the groAvtli of the normal part of the .skull. 
Osteoporosis or osteosclerosis and formation of seciue.sti-a or cysts may develop 
inside the SAvelling. Paranasal pneumatizatiou is absent or atypical. Fresh 
hemorrhage may occur and partially de.stroy the SA\-elling. ’ 

Differential diagnosis must eliminate various types of cranial thickening; 
osteoma, chondroma, sarcoma, Icontiasis o.ssea, meningiomahyperostosis, hyperos- 
tosis combined Avith facial nevi and angiomatosis, syphilitic hyperostosis, hyper- 
ostotic type of xanthomatosis, hyperostosis in neurofibromatosis Peeklinghausen, 
osteitis fibrosa cystica Recklinghausen, Albright’s disease, liA'perostotic oxy- 
cephaly, hypertelorismus Greig, mucocele of the paranasal sinuses, cholesteatoma 
of the cranial bones, cholesteatoma of the paranasal sinuses. 

' SUMMARY 

This paper deals Avith the late dcA’clopments of infantile cephalhematoma. 

Five patients, one man and the four Avomon, at the ages of 20, 27, 54, 71, 
and 72 years, respectively, showed a peculiar tj-pAc of cranial deformity— a 
unilateral bulgmg of the anterior pAart of the skull. 

It Avas unusual for the patients to complain of symptoms referable to the 
cranial abnormality. 

X-ray examination rcAmalcd an extensive hyperostosis as the basis of the 
deformity. The antertor pjart of the sItoII Avas involved. The striActure of the 
hyperostosis Avas not uniform; diploetic hypAcrostosis prevailed in the calvaria, 
eburnated hyperostosis in the basal area; osteoporosis and sclerotic islands, 
large sequestrum-like fragments of bone and sharpAly outlined cavities inside the 
diploe Avere characteristic features of the structure. Pneumatizatiou Avas Avant- 
ing or atypical in the hyperostotic area. 

The name cephalhemato'ma deformans seems adequate for this peculiar type 
of hyperostosis. 
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CONCUSSION AND CONTUSION 
R. Douglas Wright, M.D., IVfeLROURXK, Australia 

T he only way in whicli mechanical forces have been shown to cause a 
reversilile block of nerve conduction is liy straining nerve fillers to a critical 
extent. Romanes recorded a condition similar to concussion in medusae which 
lay on an anvil Avhile it ivas repeatedly struck. This does not happen Avith 
slugs and snails cA’en A\'hen immersed in a Avater bath Avith the anvil as the 
floor. Even Avith suprasonic vibrations A\diich one Avould expect to be the ideal 
system of producing commotion in cells, the effect appears to result from bub- 
bling, producing local stretching, or from heating. 

With this fact that strain is the only mechanical method of producing 
reversible nerve block as a basis, Ave can noAv consider the present knoA\dedge 
of the mechanism of production of rcAmrsible and irreversible injury of neu- 
raxial tissue by mechanical forces. Denny-BroAvn and Russell shoAved that if 
the head is alloAved to move freely under the impressed force the threshold 
for injury of a given degree is loAver than Avhen this is resisted by a counter- 
force, that is. the energy application for concussion is less Avhen the applied 
force produces free acceleration of the head than Avhen it produces deforma- 
tion of the head only. 

The folloAAnng are possible results of applying force to the free stationary 
head : 

1. A linear acceleration of the Avhole skull and its contents in the 
line of the applied force. 

2. An angular acceleration of the Avhole skull and its contents 
about an axis Avithin or Avithout the cranial boundaries. 

3. Distortion of the skull AA'ith production in the rigid resilient 
bony structure of longitudinal -and transverse Avaves Avhich are highly 
damped by the liquid loading of the contents and surroundings. 

4. Distortion of the skull AAuth production of general change in 
pressure Avitliin it. With an ellipsoid of revolution bounded by a 
I'igid resilient AA'all, reduction of the long axis results in a generalized 
decrease of pressure in the content, and reduction of a short axis re- 
sults in a generalized increase in pressure.' 

The skull may not, hoAvcAmr, behave simply as an OAmid bottle. 

The curious sliding surface betAveen the squamous -temporal and neigh- 
boring bones suggests considerably more complex possibilities. There 
is not at present any mechanism Avhich could be relied upon to reg- 
ister intracranial pressure on impact. That used by Denny-BroAvn 
and Russell is completely inadequate. 

In most eases of application of force to the skull, the result aauU be a 
combin ation of all these possible changes. The proportion of the applied 

■ViJed by .a grant from the National Health and Medical Research Council. 

•Tliis feature of oA'oid bodies was pointed out to me by Professor AV. A. Osborne. 

CGI 
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energy appearing in each change will depend on the velocity (vector), mass, 
and physical properties of the impinging object and on the physical charac- 
tei’s and the spatial relations of the part of the pai-ticnlar skull to which it 
is applied. 

The anatomic attachments of the skull arc of the greatest importance. 
It is always attached to the neck which can be bent but has an axial con- 
stituent of great strength, the vertebral column. This is broken up into seg- 
ments of rigid bone joined by strong but elastic structures, the ligaments; 
attached to it are masses of viscous liquid material. Thu.s, a force applied 
along a line which would produce linear acceleration in an unattached skull 
may produce an angular acceleration as Avell as a rectilinear acceleration of 
the attached skull -and the linear acceleration will always bear some relation- 
ship to the axis of the neck. 

Omitting for the moment the physical changes produced within the skull 
during acceleration and treating it as moving as a whole it is important that 
although the sladl is joined to the vertebral column by strong but elastic liga- 
ments, the intracranial neuraxis is joined to the spinal cord by the weak spino- 
medullary junction with an extremeb' low coefficient of restitution. Denny- 
Brown and Russell stated that in experimental cats they produced an accel- 
eration from a velocity of 0 up to 28 feet per second in M.ooo of R second; 
this is approximately 1,000 g and very improbable. Accepting it as a basis 
for simple calculations, however, we have also the average weight of the spinal 
cord of six cats as 7 Gm. If the skull and its contents in their experiments 
moved directly away from the spinal column the force at the spinomedullary 
junction due to the inertia of the cord would be approximately 6.2 kg. weight. 
A very small fraction of this would be sufficient to produce functional impair- 
ment of this junction. This analysis can be applied to acceleration not in 
direct line with the spinal cord by working out the components. 

The threshold which Denny-Brown and Russell have stated for the cat is 
an acceleration from standstill to 28 feet per second in %,ooo of R second. 
Actually, neither of these figures was the result of measurement. The fioRl 
velocity of the head was probably in the neighborhood of 40 per cent of that 
reported by the authors (see Appendix), that is, the critical final velocity for 
cats was 11.2 feet per second, not 28 feet per second. The time in which this 
was produced cannot even be giressed at. To check on the figures, cats were 
anesthetized by inhalation of ether and suspended from a crossbar by copper 
wires entered under the planum occipitale at the external protuberance and 
emerging at the temple after passing deep to the zygomatic process of the 
temporal bone. The crossbar was allowed to fall on a taut guide wire to a 
length of piping screwed to a floor joist (Fig. 1). The time of deceleration 
Avas not measured but Avas almost certainly greater than M.ooo of a second. 
A fall from 4 feet AA'as sufficient to cause jerking, disorder of respiration, and 
loss of corneal reflex in Aa'c cats. A fall from 5 feet caused death Avith bleed- 
ing at the spinomedullary junction in all but one of six cats. The critical 
velocity in these cases Avas therefore about 16 feet per second. 
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To check whether the distortion at the atlantb-oecipital region is the 
origin of the nervous lesions in these cases, eats were similarly susiiendcd but 
completely immersed in a can of water. A tracheal cannula and rubber tube 
gave a respiratory pathway through the side of the can, and the buttocks of 
the eat rested on the bottom of the can. On dropping this can from a height 
of as much as 12 feet (terminal velocity, 27 feet per second), no signs of con- 
cussion Avere detected. In this case the time for deceleration Avas measured 
Avith a high-speed moving picture camera (2,300 frames per second) and time 
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marker; it was yi.uoo ot a second. This deceleration was ludt as «^reat again 
as that claimed by Denny-Browji and Hussell and ])rohal)ly six times as great as 
that described in the preceding experiments. In the ease reported here, dis- 
tortion at the atlanto-occipital region was reduced to a minimum and no dis- 
turbance of the nervous phenomena resulted. 

As to whether such local distortion could result in unconsciousness wc 
have the statement of Foerster^' that local prcssui'o (that i.s, distortion) on the 
neuraxis at this junction produces loss of consciousness moi-c easily than does 
pi’essure applied anywhere else. It is thus obvious that acceleration and de- 
celeration cannot be used interchangeably without taking the whole of the coudi- 

ditions into account. Thus, a cat with the head accelerated thus 



is subject to the same forces as a cat decelerated thus 




' 6 ; 



kn 


but not the same as a eat decelerated in this wav : 


In this latter system there is bony compre.ssion of the cervical vertebrae and 
the cord tends to invade a fixed volume, subjecting the .spinomedullary junction 
to very little strain. In the former ca.ses the ligaments are stretched and the 
spinal cord pulls on the spinomedullary junction. 

Holbourn has advanced very good reasons for considering that angular 


aeeelei'ation may be a very important factor in causing intracranial damage. 
Briefly, the argument is that the moment of inertia of a particle of mass "m’ 
at a distance “r” from the axis of rotation equals mr.“ Thus, if we take the 
skull (Fig. 2) with an angular acceleration about an axis “a” within the skull, 
the resistance to acceleration of the two equal particles “m^” and "m-” is as 

-T ~ g, , . It is obvious, too, that if the axis of rotation is outside the limit of the 

skull, for example at "a’,” the moment of inertia of “iiF” will be greater than 
that of “in'*,” and thercfoi’e a movement of the liquid udthin the skull will 
result. The same principle applies as to the movement of fluids in semicircular 
canals. But the acceleration is being impressed on the viscous liquid contents 
of the sknll by the skull becanse of its greater rigidity. Consequently, the part 
of the viscous content nearest to the inner layer of the skull, even though fl 
may have the highe.st moment of inertia, will accelerate most nearly at the 
i-ate of the .skull and the succeeding layers will tend to slide on each othei. 
Where there are projections such as the alae pterygoideae there will be maxi- 
mum distortion and macroscopic damage. Bui apparently Holbourn was not 
aware that Ferrari* had found that glass-walled chambers Avhen disposed 
within the cranial content obliciuely or perpendicular to the line of acceleration 
of the head were broken only when within 5 mm. of the inner surface of the 
skull. Although Ferrari did not analyze this in terms of angular acceleration 
it Avovdd appear to support the interpretation that as a result of angulai 



WKIGIIT: COXCUSSIOX AXI) COXTUSlOX 


665 


acceleration there is a strong sliearing of the external layers of the cerebrum 
on the deeper layers. It is very probable that such a result over a large area 
of the cerebrum would result in inicon.seiou.sne.ss in the )nj]de]' trauma, and 
macroscopic damage in the greater trauma. 

The third and fourth re.sults of force applied to the head also need con- 
sideration. It is very easy to demonstrate with a piezoelectric crystal applied 
to the external surface of the intact cranium that transverse wavc.s travel 
round the bony calvarium when the skull is hit (Fig. 3). It is probable that 
the energy imparted in glancing blows by small ma.sscs is dissipated mainly 
in this form. With sections of the skull as the walls of a ripple tank some 
idea of the pattern of internal pressure can be gained (Pig. 4). Ah the pres- 
sure waves in the content of the intact skull would all travel at the same .speed 
it is probable that these ripple tank pictures approximate to the real distri- 
bution of foci of pressure change in the intact cranium. 



Fig. 2. — Diagram of skull showing effect.>! of angular acceleration on intracranial contents. 
Fig. 3.— Oscillograpli trace from piezoelectric crystal cn tlie temporal part of a human 
skull struck on the occiput, time marker; sec. 


The original premise was that the sole manner of in. 3 ury of nervous tissue 
i.s by shearing of tissue. As Hoihourn stated, the intracranial contents, when 
sub,iected to increased pressure, are as incompressible as water, but they do 
not show the same reactions to reduced pressures as does umter. The blood 
contains 20 e.c, of 0„ and approximately 60 c.c. of CO„ per 100 c.e. of blood. 
Ibis gas i.s rajudly released and forms bubbles readily at approximately % 
atmosphere pressure when of course its volume is doubled. If such a- release 
of gas takes i>lace at a zone of low pressui’e, shearing of nervous tissue can 
readily oeeui-. Whether this Uheratiou of gas does in fact occur was tested by 
placing a blood clot in one end of a glass bottle of elliptical section, the re- 
mainder lieiug filled with gelatin Avliich wa.s allowed to set. The side hole was 
then filled with pai-afiin and plugged. The end of the bottle opposite to the 




indicated ' bv the^’arrow?'^ >’‘^’’,1°"® sections ot human skull struck m the 
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blood clot was then struck with a heavy rubber lire hanuner. hh-acture of the 
blood clot with residual bubbles was observed. 

It is evident, therefore, that the three mechanisms mentioned can cause 
damage to the neiiraxis. It would not be safe to oonelude, however, that only 
by such damage does loss of consciousness result. Schmidt has .shown that 
the loss of consciousness in dogs given sublethal doses of cyanide is due to 
action on the end organs of the carotid and aortic bodies. I have seen a fellow 
student rendered unconscious by pressure in the carotid sinus area for a 
duration of only a second or so. Breslauer records loss of consciousness from 
irritation of the gasserian ganglion in both man and dogs. 


CONCLUSION 

The cause of concussion and contusion is spatial distortion of the elements 
of the neuraxis. This may occur at the .spinomedullary .iunetion wlien the head 
is accelerated away from the neck. It may occur in the intracranial contents 
when the head is rotated (Holbourn). It may re, suit from distortion of the 
cranium. It may also result from liberation of bubbles from the int.racranial 
blood in areas of reduced pressux-e. 

r wish to thank Dott & Co. for the blowinpr of .special ovoid pln.<:.«! vc.'jspI.s and Mr Frank 
Nicholls for assistance in piezoelectric recording. 
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About one month before, he hiul (lox’cloped a voracious appetite, l)eciime very thirsty,’ 
and extremely sleepy. He had also {jained much weigilit over this period, particularly about 
the neck. Since then he had sufTered from attacks of ‘'phlefrm in the throat,” vhich for the 
last week had troubled him greatly. At time.s, about one week before, breathing was ab- 
normally rapid. 

On March 8, 1944, at 9 A.M., he had a .sudden attack in which his face became a high 
Turkey-red color with a touch of blue, although he was white about the mouth and nose. 
Hands and feet were blue and cold. A little later he i)erspired heavily, began to breathe 
quickly, and became sleepy or semiconscious. Gradually color returned, the entire attack la.st- 
ing about one hour. 

Afterward he was sleepy but could recognize his p.'irents and often asked for food. At 
12:30 he had a drink of water and a.^ked for a biscuit, but after two bites ho inhaled deeply 
and began to jerk his limbs, holding his breath for about one minute. At 1:30 P.Jf. he de- 
veloped jerking attacks, with hands and feet clenched and eyes deviated, which started on the 
right hand and passed to the left. For about one-half hour he seemed semiconscious. He was 
rational at 3 ^.^r., but still asking for food and drink. At 4:30 he had a slight attack lasting 
for five minutes, but was semiconscious for ten minutes. 

Phenobarbital, Vi gr. hourly, seemed to relieve him, but all night breathing was 'very 
(|uick and pulse racing. 

Hext djiy he was brought from Tasmania to Melbourne by jdane. At 7:30 A.it. he was 
quite conscious and breakfasted on porridge, tea, and toast. On the way to the plane by car 
he was sufliciently alert to recognize once that the driver wiis taking the wrong road. 

After being in the plane for one-half hour he complained of being hot, and flung his 
arms about. Phenobarbital was given and he became drow.sy. 

Examination . — On May S, 1944, c.xamination at 0:30 I’.M. disclosed an obese child, flushed 
and breathing rapidly. Kespirations were 50 per minute, pulse rate 150, temperature raised. 
He seemed quite unconscious. 

No abnormal neurologic signs were noted :it this time other than a right extensor re- 
sponse. Earlier he had regained consciousne.«s for a time, when the right knee jerk was said 
to have been weak, and a poorly sustained lateral nystagmus was present. 

May' 9, 1944, at 9 A.M., he was conscious, but the pulse was very rapid, and to 180 per 
minute. The respiratory rate had varied greatly, but at this time was from 7 to 12 a minute. 
The axillary temperature had varied from 103 to 304° F. His color was bluish, and respira- 
tions somewhat gasping. As his neck seemed .swollen, adrenalin was given in case of glottic 
edema, but without effect. 

The ventricles were punctured ; the cerebrospinal fluid seemed under some increase m 
pressure and a cannula was left in the ventricle. 

Death occurred on the same day. 

Autopsy.* — ^Heart, lungs, thyroid, neck, and abdominal and pelvic viscera were normal. 

As the dura was incised the brain bulged through the incision. No gross abnormality 
was found on superficial examination, nor was anything abnormal found at the brain base, 
in the bones of the skull, or in the pituitary region. 

• Brain and pituitary gland were preserved in formalin for future examination. 

Macroscopic Examination of the Brain.i — The surface of the brain after fixation .showed 
no evidence of tumor, hemorrhage, or meningitis, and no cerebellar or uncal herniation. On 
sagittal section the following abnormalities were found: 

(1) A large combined cavum septi pellucidi and cavum Vergae, its anterior extremity 
extending into the right frontal lobe, deformed the right anterior horn and burrowed well 
under the ependyma. Its lining was rough and granular. The right lateral wall w’as com- 
plete, but the left deficient in its posterior part. 


•Done by Dr. H. Sissons and Dr. R. Willis. 
•Examination by the author. 
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(2) Beneatli the ependyma of (he lateral ventricles were innnerous small cavities, with 
ragged walls, some commuiiicating with the ventricle. El.'-ewhere the ependynm over limited 
areas was separated from the underlying tissue, .sonietime.s for several millimeter.s (Pig. 1). 

(3) A collar of grayish tissue siuioundod the .sylvian aqueduct, and was jrarticularly 
marked on its right side (Pig. 2). In places it was fiom 2 to 3 mm. wide. It could he 
traced to within 2 to 3 inra. of the quadrigeminal plate, and forward beneath the iiqucduct 
into the hypothalamus, particularly on tlie right side. It did not seem to involve, or to 
e.xtend beyond, the maTnillary bodies. It could be followed caudally under the ependyma 
into the right side of the pons, whore it became more superficial under the floor of the fourth 
ventricle at about its middle, and where it extended at least to the lateral angle of the 
ventricle. It could not be observed on the left side of the poms. 

(4) A graj’ish, slightl}- spongy wedge-shaped area lay in the external capsule of the 
left hemisphere beneath the claustrum, with its apex toward tlie putamen, wliich may have 
been slightly involved. In coronal section it measured 1.8 by 4 cm. Its anteroposterior 
measuiemcnt was not made accurately, but was considerably above 1 cm. 



Figr. 1. — Coronal section of riglit frontal lobe, with cavum septi pelluoidi on the left, showing 
cavities in the subependymal glia with .separation of the ependyma. 

Miavscoinc ExaminoHon. —Sections of the brain were stained with liematoxylin and 
cosiu and van Oicson, and with iron hematoxylin for myelin sheaths and neuioglial libers. 

Sections were examined fiom representative areas of the cortex and basal ganglia, from 
serial coronal blocks of the hypothalamus, and fiom sagittal and horizontal blocks of the brain 
ateia. 

Brain stem and hypothafamus: Boughly conesponding to the abnormal area observed 
jnacroscopically were numerous blood vessels lying in a glial niatiix (Pigs. 2, 3, and 4). This 
glia, altlioHgh often fibrillary about the vessels and beneath the ependyma/ was in places 
highly cellular with large prominent nuclei, .-o that in .section it was not unlike astroeydoma. 
flmnll areas contaiiiiiig niimeroii.s cumpoimd granular eorpuscle.s and .spaces between the glial 
cells, suggesting recent softening and edema, weie found at the junction of aqueduct and 
lliird ventricle, and in the medulla. One small recent lioiiiorvhage uas present in tlie area of 
softening near the aqueduct (Pigs. 3 and fi). 
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Tlic extent of this abnormal tissue wac determined as accurately as possible by numerous 
sections, and was as follows: The area most affoefed was at the junction of aqueduct and third 
ventricle; it did not, liowerer, extend rostrally as far a« the dorsomedian nucleus, but the 
substance of the posterior hypothalamic nuclei contained sascularircd tissue, altliough the 
number of vessels here was not great, and both large and small nerve cells seemed noinial. The 
mammillary bodies were entirely free of the tissue, uhich was limited on its inferior and 
lateral margins by the mammillothalaniie tracts. No other nucleus of the hj-potliahimus 
showed any significant changes, although all were c.xamined. 



Fig. 2. — Sagittal <-ection ot lower pait of the aqueduct and part of fourth 
A, V'asculanzed and ghotic area beneath the quadrigeminal plate. S, The same atiieriu 
the aqueduct and extending down under the floor ot the ventricle O. D, The same i 
pons (ironheroatoxylin). 



COX: LATE SEQUEL OK BKAIN INJURY 


673 


In the region of the aqucduet, ospeeiall}' at. its' rostral part, tlie vascularization and 
gliosis was most intense (Fig. 3), but the neighboring myelinated tracts and groups of nerve 
cells, some contained within the gliotic area, sccined healthy. On the right side, where the 
lesion was most extensive, numerous compound granular corpuscles were present indicating 
recent softening (Fig. 0). The vascularized urea surrounded the aqueduct, e.xtending caudally 
under the ependyma of the fourth ventricle on the right side and toward its right lateral recc.ss. 



Fig.- 3.— Gliotic area with new vessels near^upper part of aqueduct (hematoxylin and eosin. 
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The left side of the floor was httlc imohed. Below tlie kwel of the poii'- a largo area of 
gliosis and vaceulari/ation mu'- present toward the midhnc just posterior to tlie inferior oliies 
and iniohing both side-. A similar area, but containing many compound granular corpuscles, 
and therefore probabh indicating recent softening, laj inferior to it in the medulla on the 
right side; it was prob.ibh continuous with the higher area. At this lei el the ependyma at 
the inferior angle of the lentricle wa« granular and gliofic oicr a small area not reaching 
the midlinc, just posterior and lateral to the hypoglo‘-sal nucleus. 



'ig. S — Hemorrhage in a small area of softening in the gliotic area near the upper part of 
the aqueduct (hematoxjiin and eosin, X90). 



Fig. 6. — The same area of softening as that shown in Fig. 5. with compound granular cor- 
puscles (hematoxslin and eosin, X375). 

The cerebral cortex appeared normal. There was, howeier, an increase in vessels and 
in neuroglial nuclei in the white matter of the hemispheres and in the basal ganglia The 
abnormal area in the left external capsule proved to be a well defined area of gliosis and 
vascularization with strands of connective tissue (Fig. 7). There was marked glio«is about 
the vessels and an increase m oligodendroglia in the neighbonng brain. No compound gninn 
lar corpuscles were observed. 

The cerebellum seemed normal and contained no new vessels or areas of gliosis. 
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The ependyma of the ceicbiul ventricles .>.howed occasional small micioscopic gianulcs 
of Kliosis, Almost cverywlicic the suhciiendyiiinl glia was uadoly thick. The cavitie.s iiotfsl 
macroscopically weio entirely nitliin tlie glia, lough-walled, ami did not contain blood pipnent. 
The -walls of the eavuin scpti ]iell«eidi and Vergae were eompo.'ied of similar tissue (I'lg. 8). 
The subependymal glia often .seemed unduly vascular, and in jdaces the glial nuclei were so 



Fig. 7. — Margin of gliotic area in left external capsule (hematoxylin and po.sin, xlOO). 



Fib. S.- 


-Section near junction of septum pellucidum and ventricular wall ; septum pellucidum 
to the left with ragged wall of cavuin (hematoxylin and eosin, X40). 


large and numerous that the area could readily have been mistaken for glioma. Numerous 
nests of cpendym.al cells lay within the glial zone and extended for some distance along the 
inferior margin of the rostrum of the corpus callosum. 

Tlie .subarachnoid space contained no abnormal cells, although the arachnoid was slightly 
thickened, possibly from hemorrhage at the time of injury. 
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mSGUSSIOX 

Pathologic Feature .^. — An opportunity to examine a brain many months 
after a severe head injury is not often given. In tliis ease interest is added in 
that the injury was a closed one and there was no evidence at autopsy that the 
surface of the br&in had suffered significant injury. 

The following abnonnal features seem worthy of record*. 

(1) The diffuse nature of the gliosis and vascularization, and 
in particular its severity at the junction of aqueduct and brain stem and 
about the aqueduct, and its extension under the floor of tlie fourth 
ventricle 

(2) The marked pai’ticipation of newly formed vessels in the 
reparative process along witli gliosis 

(3) The changes in the subependymal glial zone 

(4) The presence of a few small areas containing compound gran- 
ular corpuscles, suggesting recent softening 

(5) The presence of a well-formed combined cavity derived from 
a combination of ca'snun septi pellueidi, and ea\'um Tergae 

(1) The nature of the changes in the brain resulting from head injury 
are well known, and in particular those found in patients who died soon after 
traiuna. Injuries of cortex and of the meninges need not here concern us, a.s 
they were not visible in this patient. There was, however, unquestionable evi- 
dence of widespread deep clianges markedly involving brain stem, posterior 
hypothalamus, and the region adjacent to the left insula, although elsewhere 
present to a nunor degree. 

Their histologic structure was one of ncAv vessel fox'mation (Figs. 2 and 3) 
and gliosis. Such a reaction of the brain to injury is well known, new vessels 
being derived fi’om those normally pi*esent, and glial cells with fibrils from tlie 
multiplication n-ith fibiil formation of cla.ssical neuroglia. Changes in vessels 
and neuroglia can be obsei-ved as early as the third and fourth days after in- 
jury.®’ *■ The reaction of all tj-pes of neuroglia to trauma has been well studied 
by Hand and Coundlle^'' in early fatal cases, and the impoidant effects of hem- 
orrhage in pi’odueing tissue reaction have been emphasized. 

However, in the late example here described there is ixo conclusive evi- 
dence of past hemorrhage, although it probably occurred. Gliosis and vascu- 
larization being widespread and sometimes well defined, it eoncems us to know 
what lesions with this distribution and definition might legitimately be con- 
sidered as their precursor. 

Jlultiple hemorrhages, often of .small size, have been commonly described 
in injury of the brain in distidbution closelj* resembling that of the lesions 
rmder consideration, their first de.scription in the brain and brain stem being 
usually attributed to Richard Bright in 1831.® Later they were reported in 
human beings and in traumatized animals by Duret in 1878,® and .since by 
many others. Their common sites are the white matter of the cerebral hem- 
ispheres, brain stem, and upper cervical cord, although found in many other 
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positions. The gray matter of the cortex is rarely affected. It is to be ob- 
served that the zones of gliosis and vascularization in this case have appeared 
in those sites commonly affected by petechial hemorrhages, as for instance the 
region about the aqueduct, and the floor of the fourth ventricle, and the deeper 
part of the pons. They do not, hou’ever, always appear here experimentally, 
for Dennj^-Brown and Bussell,’ in extensive experiments on cats, found them 
most commonly in the gray matter and under the pia of the upper segments of 
the spinal cord. 

The origin of these hemorrliages has been attributed to the force of the 
injury ti-ansmitted directly to the vessels, with fracture of their walls; to injuiy 
of the walls from the driving in of cerebrospinal fluid along the perivascular 
spaces ; or to the eoncussive effect of injuiy on tlie vessel, with subsequent vas- 
cular dilatation, stasis of circulation, thrombosis, and anoxemia, followed by 
destruction of the wall. However, cases have been reported in Avhich fresh 
petechiae have been observed days or weeks after injury, some of which cer- 
tainly have resulted from fat embolism, but the origin of others has been un- 
certain and the theoxy of capillary stasis' has again been invoked for their ex- 
planation. One small hemorrhage of recent origin in an area of softening was 
noted in this case (Fig. 5). 

Furthermore, injuiy to the deeper parts of the brain, brain stem, and cord 
may occur without such overt evidence of injury as hemorrhage. This is clear 
from those cases of death attributed to concussion, where there was no visible 
appearance of local injury, although this must have occurred. It is also sho^vn 
by areas of softening deep in the brain substance of certain acute fatal cases, 
and may be assumed from the ^videspread gliosis observed in other patients who 
died some time after injury. This occurrence of softening Avithout hemorrhage 
is clearly seen in the patient (Case 1) reported by Winkelman and Eckel,® who 
died four days after injury. The cerebellum contained many areas of softening, 
with early vascularization, the microphotograph someAvhat resembling those of 
the case here reported. 

From such injuries, as Avell as from overt bleeding, gliosis may result, 
changes in the neuroglia often being visible within a few days. That gen- 
eralized edema is uncommon, but local edema about areas of traumatized tissue 
common, has been emphasized by Greenfield®; in his opinion it may cause con- 
siderable demyelination Avitli atrophy of tissue. Areas of gliosis observed later 
after injury, particularly if associated ivith paling of the Avhite matter as shoivn 
by myelin sheath staining, may represent areas previously affected by such 
edema. 

Applying these observations to this case it is likely that the Avell-defined 
gliotic areas in the brain stem have resulted from small hemorrhages. Although 
such hemorrhages may later produce cysts, large or small, with gliotic mar- 
gins,®" this docs not seem necessarily to follow, hlany hemorrhages follow tissue 
planes, such as are present along vessels or between tracts of ensheathed nerv^e 
fillers; these Avould result in elongated areas of gliosis and vascularization Avitli- 
out cyst formation, such as can be seen in the brain stem of this case, particu- 
lai'ly in the subependymal zone. 
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Tile more diffuse gliosis and vascularization found in the white matter of 
the cerebral iieinispheres could have resulted from somew'hat widespread and less 
well-defined zones of degeneration and edema such as we liave discussed. No- 
where was there clear evidence of old hemorriiage as show'n by blood pigment 
accumulations, although oeeasionally microscopic cysts were observed in gliotie 
areas. 

(2) The marked vascularization of tlic areas is notable. Prominent vascu- 
lar endothelium has been observed even in cases of rajiidly fatal head injury and 
evidence of new' vessel formation has been observed within a few' days of injur?'. 
Vaseulai'i'zation is a common feature in the repair of man?' brain le.sions and may 
be a conspicuous feature in the reaction to man?' of the more malignant gli- 
omas. 

Where cortex and meninges liave been injured, a liighl?' vascularized sear 
can result, the composition of wliicb has been .studied b?* Penfield,® and Poerster 
and Penfield.” The?' have emphasized the role of this .scar in the production 
of posttraumatic epilep.s?', and that b?' its contraction, tension oceui's betw'een 
meninges and brain. The brain is thereby anchored at its area of attachment 
to the meninges and not permitted normal freedom of movement w'ith respira- 
tion or W’ith the filling of the cerebral vessels when the intracranial venous pres- 
sure is increased ph?'siologically. 

But not all patients with post-traumatic epilepsy .show adhesions between 
cortex and meninges; at times the sear is w'itliin flie brain without outward 
attachment yet clearly forms an ei)ileptPgonic focus in which glial and fibrous 
tissues are bound to now ve.ssels. Exactly how .such an area incites the epileptic 
attack is not clear, but it is plainl?’ liable to changes in volume subsequent 
to passive engorgement for the new blood .spaces usuall?' form no muscular 
coat and are of the nature of capillaric.s. Furthermore, it is perhaps liable 
to certain degenerative changes; in tw'o zones, at least, in this ease there w'as 
evidence of recent lesions of a degenerative t?'pe, as show'n by man?- compound 
granular corpuscles among the new' vessels in the peri-aqueductal area of gliosis 
and in the medulla. TJie former lesion ma?' have been of significance in the 
initiation of recent symptoms. 

(3) Changes in the subepend?'mal glia were w'ell marked. The frequency 
of such changes, as well as those in the epend?'ma itself, can be seen in the large 
serias of cases of fatal head injury studied by Eand and Courville.^” They ob- 
.served edema of the .subepcnd?'mal zone, sometimes W’ith e.xtravasation of blood 
and vacuolization of the epend?'mai cells as a common feature, shortly after 
injur?'. 

It is well know'n that small petechial hemorrhages of traumatic origin may 
be situated beneath the epend?'ma of the ventricles, and that at times the ven- 
tricular wall ma?' be ruptured. This might well occur in that t?'pe of injury il- 
lustrated in the experiments of Denn?'-Brow'n and Russell* and called b?' them 
"acceleration concussion.’’ Here the suddenness of the movement subsequent 
to the impact of the blood could result ui a dragging aw'a?' of the ]a?’er lining 
the ventricles, from the zone to w'hieh it is attached. It ma?' have occurred 
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thus in this ease; in many areas ilie epciulyma was separated from the ncigii- 
horing bratu tissue or contained cavities which oe,easionally eommunicated with 
the ventricles. Cavitation was particuliuiy marked about the anterior horns 
(Fig. 1) , an area which Greenfield'* found sirseepliblo to injury rvhen the pos- 
terior part of the head receives the blow, h’nrthennorc, in this case there were 
areas in which small nodes of glial cells ■were present, occasionally the nuclei 
being of large size, the histologic appearance over a small ai'ca sugge.sting activity 
and resembling a moderately cellular glioma. 

(4) The presence in this case of small areas containing compound granular 
corpuscles and one small heraorrliage has already been noted and commented 
upon. It is likely that such phenomena so long after injury have resulted from 
changes, such as thrombosis, in newly formed vessels. 

It is important to emphasize that the late elfecl.s of eerehral trauma are by 
no means confined to the mechanical effects of sear contraction or to adhesions 
restricting normal movemeiits, bnt that late softening and vascular changes 
may occur. 

(5) The large central cavity, a combination of eavum septi pellucidi and 
eavum Vergae, eonld not be claimed reasonably as the result of injury. It is 
not proposed, therefore, to discuss the origin and significance of this condition 
here; it has been well described by Dandy,” who reported two similar cysts 
upon which he had operated subsequent to signs of organic brain disease, their 
sites being correctly localized by ventrieulogiuphy. He, too, has fully traversed 
tlieir historical discovery and anatomic features. 

It is unlikely in this case that the abnormal cavity in any way contributed 
to the later clinical features, for at the time of autopsy it freely communicated 
with the ventricles. Earlier it may not have done so. Its presence indicates an 
abnormality of development, possibly affecting, too, the subependymal glia in 
general. It is, indeed, conceivable j;hat the stibependymal glia of this patient 
may have been unusually well developed at birth, for everywhere it was thick 
and contained more ependymal j-ests than are commonly seen. The septum 
pellucidum itself represents in part the subependymal glia zone, although con- 
taining some true nervoms elements. Furthermore, there were occasional small 
subependymal granules whicli were not clearly attributable to the trauma and 
may liave been congenital. The subependymal glia of this patient, indeed, may 
liave been more susceptible to injury than is usual. 

CUKICAL wscuasiox 

The cliief clinical interest in the patient lies in the late oeeurrenec of som- 
nolence, with obesity, and excessive appetite and thirst, and in an unusual 
epilepsy conforming in part to the periventricular or diencephalic type. All 
of these late phenomena can be related to the lesions of hypothalamus, peri- 
aqueductal region, and brain stem witli reasonable certainty. 

The day has passed when proof need be shown that lesions of the hypo- 
thalamus can produce such sj-mploms as undue somnolence, abnormal thirst 
and appetite, and obesity ; this has been amply shorni by observations on such 
conditions as neoplasms of the brain base. E.xperiments on animals have also 
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confirmed the association and haA'e shown that injuries in particular situations 
may pi'oduce one or another of the abnownalities of tlie “hypotl)alamic syn- 
drome.” However, one need not attempt to overload the individual nuclei of 
the hypothalamus vuth such restricted functions as the control of .sleep, the 
vasomotor system, or body temperature, even if there is nuich evidence to show 
that certain nuclei may modify individual functions, mainly through their con- 
nections with hypophysis, for the supraoptic nucleus by its control of the anti- 
diuretic hormone is related to water metabolism, its injury resulting in diabetes 
insipidus, and the ventromedial nucleus may control the diabetogenic hormone 
wth the production of diabetes mellitus at its injury. Such a clear allocation 
of function has not been shown for the po.sterior nuclei, even though it may be 
generally stated that the posterior hypothalamic area plays some role in the 
coordination of some sjanpathelic reflexes, and the anterior a smaller part in 
coordination of parasympathetic reflexes.'"* 

The physiologic functions which Avere altered in this patient were those of 
sleep, appetite, thirst, and control of heart and respiration. Furthermore, the 
gain of Aveight suggested a metabolic change. 

Excesshm sleep has been frequently produced l)y lesions of the hypo- 
thalamus, through disease, or by animal experimentation. In animals, Beattie, 
BroAV, and Long'^ found its production outstanding in those Avhich survived 
section of the tracts betAveen the anterior edge of the superior colliculus and the 
mammillary bodies. These results have been confii’ined by experiments AA'ith 
the stereotaxic instnunent in Avhich it has been possible to destroy the gray 
matter surrounding the opening of the aqueduct into the third ventricle, Avith 
only a small amount of surrounding tissue.'-" Ingram, Barris, arid Kanson" 
found somnolence to be best produced by lesions betAveen the mammillaiy bodies 
and the third nerve nucleus. As in both groups of experiments there need be 
no injury of the long motor or sensory tracts, they agree that destruction of 
the efferent hypothalamic connections is the essential feature. 

How these lesions cause somnolence is as yfet unproA-ed. To some the sleej) 
impulse is an active inborn process analogous to an instinct; it is something 
so vital to the organism and appearing in so many species, that it seems a mech- 
anism must exist for its promotion. I have allied myself to this aucaa"''' and 
am of the opinion that it may yet be sIioaaui that pathologic somnolence of the 
type being considered results from the physiologic release of an inborn mech- 
anism, Avhich thereby overacts. Others regard it likely that a mechanism for 
attention exists and that the lesions of the hypothalamus or thalamus prevent it 
exerting its control, body and brain thereby falling into a resting state through 
lack of rousing. 

Whatever the correct explanation, it is certain that other changes in con- 
sciousness, such as catatonia, and trancelike states similar to, but not identical 
Avith, sleep may be encountered Avith pathologic lesions in this neighborhood. I 
have revieAA'^ed the subject Avith illustrative cases,'® and more recently it has 
been rcAriewed by Alpers.'®" That the loss of consciousness in concussion may 
be derived from a disturbance in such a mechanism is no ncAV vieAv; the idea 
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that concussion is produced througli lesions of the brain stem is many years old, 
and recently the resemblance of the loss of consciousness to sleep has engaged 
the attention of Eden and Turner’" and Jefferson.’*’ 

Furthermore, sleep is intimately bound up with physiologic effects of tlic 
vegetative type; it is not surprising, therefore, to find disorders of these func- 
tions with lesions of the hypothalamus which produce hyperaomnia. 

Obesity is also a common association of hyiiothalainic lesions, although as yet 
there is no certainty as to its mode of origin. It may occur with lesions of the 
hypophysis as Avell as of the hypothalamus. Excessive appetite and thirst are 
often its associates, and all, although not of necessity, are associated with 
hypersomnia. Large lesions of the tuberal I’egion seem most likely to produce 
obesity experimentalljv 

It is of interest to note that in this ease with all these symptoms pi’esent, 
the mammillary bodies were not involved, and of the hypothalamic nuclei, only 
the posterior group Avas invoh’ed, although both lai’ge and small nerve cells 
seemed normal histologicaIlJ^ However, as these cells lie in the course of the 
periA^entricular sj^stem of fibers and seem to be an important source of its origin, 
it is likely that involvement of the tract, rather than any particular group of 
nerve cells, as in animal experiments, is the essential lesion in hypersomnia. 
Indeed, it can be seen in this ease that the zone of vascularization and gliosis 
in hypothalamus, mesencephalon, and pons closely followed the course of these 
fibers. . The periventricular system is considered an efferent pathway from the 
hypothalamus carrying impulses from divei'se hypothalamic nuclei to the brain 
stem and perhaps to the spinal cord.’*'’’ ’®'’ As tlic fibers are i-elated to nuclei 
of the motor cranial nerves and of the reticular substance, it is likely that thej' 
are concerned with visceromotor functions. Therefore, it is not difficult to 
imagine that such functions could be disturbed with lesions of the hypothalamus 
and brain stem of the tj-pe discovered in this patient. 

The reason for the late incidence of the hypothalamic symptoms is by no 
means clear. Why should such phenomena occur late, rather than early, when 
the lesions Avere presumably at their maximum? Is there evidence for pro- 
gression in traumatic lesions of the cerebrum? 

There is no easy explanation for these late phenomena. Should they re- 
quire a paralytic lesion for their production, such Avas certainly present in the 
early stage of injury. It has already been noted that there Avas evidence in 
this patient of a I’ceent lesion at the junction of aqueduct and third ventricle, 
as Avell as in the medulla; in the former lesion numerous compound granular 
corpuscles, one small recent, hemorrhage, and some separation of glia cells 
suggesting edema Avere present on the right side. 

If, hoAvever, in analogy Avith ordinary post-traumatic epilepsy, a focus of 
irritation is thought to be the initiator of the epilepsy, we can regard this same 
area of softening as an adequate cause or fall back on that explanation usually 
deemed sufficient for this condition, irritation from the contraction of eonnectiA*e 
tissue and glia in the process of repair, A\’ith alterations in volume of the ncAV 
vascular bed. Either vien- might imply that the hypothalamic .syndrome of 
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obesity, excessive ap])etite, and tliirsl willi li.vpei'.soinnia also arose from a eoii- 
staiit or frequent irritative process, and tiie later e])ileptic condition witli the 
respiratory and eardiovascular disturbance, raised tem])eratnre, disturbance of 
consciousness with excessive hnnfrer was l)uf tlic result of a greater and more 
widely spreading discharge. 

Attacks of this type were described by Oowei's’® as vasovagal attacks, and 
by Wilson^ as periventricular epilepsy. Thci’e was little satisfactory pathologic 
confirmation for these eaidy cases, but Penfield’.s patient^ who suffered attacks of 
restlessness, with thii-st. a sensation of heat, vasomotor changes, sweating, 
lacrimation and salivation, pupillary changes, and sometimes exophthalmo.s, was 
found to have a tumor involving both foramina of Monro. IMcLean’.s case^® was 
also of this type. With the attaclvs were emotional changes, dyspnea, oppression 
of the chest, tachycardia, hunger, and impulsive weeping; a lax’ge basal tumor 
was present. One of my patients (Ca.se G’"') .suffered from tui-ns of mental 
distress with respiratory and vasomotor changes. He was found to have a 
pituitary tumor and was relieved by operation. 

Nevei*thele.ss, small circumscribed lesions have not u.sually been found at 
autopsy. Even in the patient here described other lesions than those in the 
hypothalamus and brain stem were present; thus, besides widespread changes 
in the white matter and the basal ganglia, a lai-ge lesion was found in the left 
claustram. That a hypothalamic lesion was present was tliought possible, 
clinicallj’', from earlier experience with basal tumors, and it seems highly 
probable that the lesion in brain stem and hyjmthalamus was the e.xcitiif.g cause 
of the late sjTnptoms. 

The hemiplegia early in the illness is presumed to have resulted from the 
large lesion in the left insular area. 


SU.WM.\RY 

1. A boy, aged 8 years, although apparent Ij- recovering well from a severe 
head in.iuiy, developed, after thirteen months, voracious appetite, thirst, rapid 
gain of weight, and undue sleepiness. 

2. One month later he developed attacks, Avith vasomotor and respiratoiy 
changes, and hunger, in Avhieh lie usually became sleep3’ or semiconscious. Some- 
times clonic contractions of the limbs were present. During their course he 
died. 

3. At autops.y a prominent area of gliosis and new vessel foi-mation sur- 
rounded the aqueduct, extending Avell doAvn into the brain stem. Lesser changes 
were present elsewhere, although a gliotic area ivas iiresent in the left internal 
capsule. There were a feiv areas of recent softening. 

4. The hypothalamic nuclei were not aftected, the lesion appearing chiefly 
to affect the zone of the periventricular fibers. 

5. There was consideralile cavit.v formation m the subependymal glia of the 
ventricles, and a large combined cavum sepli pellucidi and cavum Vergae was 
present. 

6. The relation of the pathologic condition to the injuiy and its anatomic 
and clinical implications are brieflj* discussed. 
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IXTRODUCTIOX 


S TUDY of central afferent systems bj' recording electrical potential changes 
e%'oked on physiologic stimulation of peripheral reeeptoi's or by electrical 
excitation of peripheral nerve fibers, as distinct from observation of spontaneous 
electrical rh3'thms or of potential changes induced by local applications of strych- 
nine,-^ is noiv a %vell-established anatomicophj-siologic procedure. It has been 
suecessfull.v emploj'ed on the cerebi'al cortex for investigating localization in 
the somatic,^’ ■’ ■*’ co visual,-"’ the olfac- 


torj'-,®' and the auditoiy sj-stems."’ '• In the cerebellum it 

has revealed that not onh- vestibular-* and proprioceptive impulses-® but also 
visual,^* auditoiy,^* and tactile®’ messages ai’c received ly this organ in well- 
organized systematic fashion. 

With animals under satisfactoiy barbiturate anesthesia, careful research 
reveals in great detail the manner in which the various receptor surfaces are 
represented in the central sti’uetures and makes possible comparative functional 
and morphologic investigations unattamable with anj- other method. It is be- 
coming evident that the evoked potential technique permits identification of 
certain homologous cortical areas more definitely than does the cj'toai’chitectonic 
method and in addition it makes possible detailed comparison of relationships 
within homologous areas. Clearl.v, combination of electrical technique with 
classical anatomic and plysiologic procedures will result in great refinement of 
our knowledge of functional organization within the neiwous sj'stem. 

The time is now at hand for the studj- of cortical potentials evoked in man 
at neurosurgical opei’ations. It is particular^" important, therefore, in order 
that significant answers be secured that general principles of cortical or- 
ganization be defined clearh- bj" comparative studies on lower forms. 

Until now it has been customaiy to think of each of the main afferent sys- 
tems as having a single primaiy pathway into the cerebral cortex. The present 
studj' and earlier observations on cat,*- dog,®* monkej*,®*’ and rabbit®" show 
that the somatic S3"stem has two distinct affei'ent areas with separate pathwaj^s.®" 
The same has been found also for the visual*®’ and the auditorj"*®’ ®® systems. 
Dualitj", therefore, appeal's to be a general principle of cortical organization.® 


•In discussing these dual systems tve shall refer to them as somatic areas I aud II. 
visual areas I and II, and auditory areas I and II. This terminology was chosen 
carries no anatomic or functional implications and because it can be applied to each ot me 
three systems. Moreover, area I corresponds to what has been considered until now tiw 
primary receptive area of each system. Area II in each case was ’’second” with respect lu 
area I in time of discovery. 
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In the present study we have undertaken to answer certain questions raised 
by the recent observations of Adrian^ on the ungulate brain. Previous studies 
on monkey,®®’ ®‘ cat,®"’ dog,®^ and rabbit®® had led us to the generalization that 
in each of these species the somatic receiving areas are fundamentally similar. 
Homologous subdivisions of the “postcentral” area (somatic area I) arc identi- 
fiable in each animal. The area differs from species to species, not basically 
but, in the relative development of its various subdivisions, apparently in ac- 
cord with the specialization of the corresponding peripheral receptor surfaces 
in individual species. In somatic area I all responses had been found to be 
strictly contralateral, with the exception of a part of the face area of the mon- 
key.®^ Besides the “postcentral” area we have found in each species an area 
(somatic area II) homologous with Adrian’s*’ ^ “second” somatic receiving area 
of the cat. In rabbit, cat, and dog this area is situated lateral to somatic area 
I and anterior to the auditory areas (Fig. 6, A and B) ; in monkey it lies chiefly 
on the 'dorsal Avail of the sylvian fissure in similar relationship to somatic area I 
of the postcentral gyrus and to the auditoiy areas (Fig. 6, C) . Our studies haA^e 
shoAVir that in-somatic area II both halves of the cutaneous surface are represented 
in each cerebral cortex. Contralateral i-esponses are approximately tAvice as 
large as corresponding ipsilateral ones. The apical portions of the body (digits, 
snout, and tail) gm largest responses on stimulation, and under deep anesthesia 
the apices of the contralateral half of the body alone may activate the cortex. 
There is spatial differentiation Avithin somatic area II and this increases from 
rabbit to monkey but it is much less than the increasing differentiation within 
somatic area I. It does not reflect the specialization of receptor surfaces as does 
somatic I. 

Adrian’s* study on ungulates indicated that from the face only receptors 
in lips and snout sent impulses to the cortex. In sheep and goat these impulses 
Avere ipsilateral Avhile in pig and horse they Avere contralateral. In addition, 
responses to stimulation of the contralateral forelimb and sometimes of the con- 
tralateral hindlimb Avere observed in the anterior ectosylvian gyrus of goat, 
sheep, and horse. No responses from the limbs Avere evoked in pig and in none 
of the species Avas any response to limb stimulation detected in areas possibly 
homologous AA’ith posteenti’al gyrus. 

To relate these findings on ungulates to results on other species, observa- 
tions Avere made on one sheep and seven pigs (the numbers being dictated by 
supply). We soon found in sheep and in pig both the contralateral face area 
of pig and horse and the ipsilateral face area of sheep and goat. Most of the 
previously defined characteristics of somatic area II Avere established also for 
slieep and pig, and in'addition the arm subdivision of somatic area I Avas located 
in pig. (It Avas not looked for in sheep.) A hindlimb subdmsion of somatic 
I Avas not found but its probable locus AA'as suggested. 

With discovery of the ipsilateral face area in pig and Avith the existing 
evidence for a bilateral face area in monkey, search Avas made for a homologous 
area in cat and dog. This AA’as found in both species, thereby establishing for all 
animals studied a basic plan of cortical organization. Data from the literature 
Avill be cited AA-ith a A’icAv to relating some of the findings to man. 
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jr.VTERIALS AND 5IETH0DS 

The animals used in this study consisted of three Yorkshire and four Hamp- 
shire pigs, aged 5 to 8 months, one sheep, aged 4 months, two cats and one dog. 

All animals were ane.sthetized with pentohari)itaI sodium, administered 
intraperitoneally, except for four of the ])igs, wdiich -were given a combination 
of pentobarbital and chloralose. Initial dosage of pentobarbital was 42 mg. 
per Idlogi'am. Anesthesia was maintained as evenly as possible by periodic in- 
jections of additional amounts (eveiy twenty juiinitcs in case of pig). In tlie 
pigs the maintenance dose of pentobarbital was found to increase Adth Aveight 
from 5.5 mg. per kilogi-am per hour for a pig Aveighing 9.5 kilograms to 15.0 mg. 
per kilogram per hour for one Aveighing 17.4 kilograms. Chloralose in the 
amounts used (11 to 33 mg. per kilogi-am per hour, approximately) had little 
if any anesthetic effect; the maintenance dose of pentobarbital AAms the same 
for animals of equal size AA'hether or not chloralose Avas given. 

Chloralose AA’as employed to facilitate transmission of afferent .impulses to 
the cortex. This seemed clearly to be its effect because cortical responses aa'ccc 
more easily CA-oked in the animals to Avhich this drug A\'as given and it was only 
in these animals that light tactile stimuli Avere adequate. Pigs under pento- 
barbital-ehloralose anesthesia reacted moi’c like cats under pentobarbital alone 
and did not shoAv the convulsive features exhibited by cats under chloralose. 

The pigs and the sheep salivated profusely. To avoid difficulty vitli 
respiration it Avas necessary to canmilate the trachea and to ligate the trachea 
above the cannula. 

In exposing the brain the soft ti.ssue.s Avere removed fi’om the skull A\-ith a 
Davis-BoAue eleetrosurgieal unit. The skull A\’as then trephined and the bone 
removed Avith rongeurs over the entire dorsolateral surface of one hemisphere. 
In three of the pigs both hemispheres Avere exposed in the course of the experi- 
ment. In certain instances cortex on one Avail of a fissure Avas examined after 
the cortex of the opposing Avail Avas carefully removed by suction. 

Before exposure of the brain the head Avas immobilized in a holding ap- 
pai-atus. Later a movable electrode carrier Avas attached to the headholder in 
such a Avay that the exploring electrode (made of steel tubing and a core of No. 
50 cotton thread moistened Avith saline soliAtion) could be moved over the cortex 
in millimeter steps along rectangular coordinates. The “indifferent” electrode 
Avas clipped to the scalp, usually in the frontal region. To prevent drjdng, the 
exposed cortex Avas covered Avith mineral oil. 

The methods of stimulation and the apparatus for amplifying and record- 
ing the cortical electrical resiAon.ses have been described elscAvherc.''’'’ Tli® 

cutaneous stimulator consisted of a lever rigidly attached to the moving armature 
of an electromagnetic device AAdiose coils Avere energized by a i^ulse 3 to 5 milli- 
seconds in duration. A regular, quick, to-and-fro moA-ement resulted, Avhich 
produced at the end of the lever a small displacement lasting a feAV milliseconds. 
For tactile stimulation a camel ’s-hair brush was attached to the IcA^er’s end. For 
sti’onger stimulation the lever itself Avas used or a Avire Avas mounted at right 
angles to the end of the bar. The action of the stimulator Avas synchronized 
Avith the sweep of the cathode ra}'^ tube, thus making it possible to visualize 
and to photograph the response produced b 5 ’’ each stimulation. 
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RESUETS 

Fig. 1 is a composite diagi-am illnstraling tlie results obtaiiu'd in the seven 
pigs. The brain is not, oriented in the eonvontional manner, but is inverted, as 
are the other brain drawings in this paper. Tin’s arrangement wa.s cliosen in 
order to place the head uppermost in the figures and to put tlic feet down. We 
believe this aids in visualizing the plan of cortical organization, especially with 
respect to details within the face area (see Fig. 5), since tlie parts represented 
fall into position in the diagram in essentially the same relationships as exist in 
the actual face. The figure shows (1) the auditory area {AUD.), (2) somatic 
area II with its face (Fu), arm {Au) and leg (Ljj) subdivisions, (3) the face 
(Fj) subdivision of somatic area I (that is, the contralateral snout area of 
Adrian),^ (4) the ipsilateral face area (IPST.), which is homologous with 
Adrian’s ipsilateral face area for sheep and goat, (5) the arm subdivision (A/) 
of somatic area I and (6) the probable location of the leg subdivision (Li) of 
somatic I on the mesial aspect of the hemisphere. 



Pig. 1. — Composite diagram summarizing results obtained on seven pigs. The thin 
continuous lines mark boundaries determined by tlie experiments ; the broken lines are pro- 
visional. The solid black areas represent foci of largest response to stimulation of face (Fii), 
arm (An) and leg (Dii) subdivisions of somatic II. For further description see text. Eabeled 
fissures in Pigs. 1 and 2 are ; a., ansate ; c., coronal ; oiv. cruciate ; s., suprasylvian. 

Data for Fig. 1 were obtained on examination of ten hemisplieres in seven 
pigs. Not all the areas illustrated were examined in eaeli hemispliere. Observa- 
tions were made on somatic area II in nine, on contralateral face area of somatic 
I in nine, on ipsilateral face area in four, and on the arm area of somatic I 
in nine. A hindlimh subdivision of somatic I was searched for on the dorsal 
surface of the hemisphere in most of the animals but it was not found there. The 
supply of animals gave out before a satisfactory examination of the mesial sur- 
face could be made, but since ami area I extends to the midline, it is likely that 
leg area I is to be found on the mesial aspect of the hemisphere. 

Fig. 2 illustrates our findings on the one slieep studied. In this experiment 
it was possible to locate (1) the auditoiy area (AUD.), (2) somatic area II 
with face {Pn), ann (A;/) and leg (Ljj) subdivisions, (3) Adrian’s ipsilateral 
face area {IPSI.) and (4) a contralateral face area (F/) homologous with the 
contralateral face area of the pig. Ai-m and leg subdivisions of somatic I were 
not looked for. 
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Pigs and sheep proved mrich more difficult animals in which to study evoked 
potentials than have other animals with which we have had ex])erience. The 
bai'biturates, which liave been the anesthetic of choice for evoked potential 
studies, 'were found to depress transmission in the afferent systen\s of these 
ungulates before they cpiieted the animals generally or suppressed the spon- 
taneous brain wave activity. With prolongation of the anesthesia, however, 
transmission improved and reliable results were secured, but the difficulties 
necessarily limited the amount of information which could be obtained from each 
animal. In the later experiments pentobarbital-chloralose anesthesia was found 
to give a preparation more like eat under pentobarbital alone and from these 
animals more data were collected. In spite of these limitations the results 
obtained showed excellent agreement when data from all animals were as- 
sembled. We are confident, therefore, that the positive findings will stand. 
Our data are also in excellent agreement with the positive findings reported 
by Adrian.^ 



SHEEP 

Fir. 2. — For descripUon see text. 

Pig. 3 shows the character of the electrical potential changes produced 
in the cortex of the pig by localized mechanical stimulation of cutaneous recep- 
tor's. Responses A and B were recorded from a point in the arm subdivision 
of somatic area I (point A in Pig. 5, C). Response A was evoked by stimulating 
rvith a camel ’s-hair brush the skin over the anterior aspect of the contralateral 
forelimb just above the interdigital web. Response B resulted from stimulation 
of the same spot with a wire mounted on the lever arm of the stimulator. Both 
responses are initially surface positive but the time to maximum is shorter rn 
B. Records E, F, and G wei’e obtained in another animal from a point in the 
arm subdivision of somatic area II (point E, Pig. 4, B). E was produced by 
stimulating the skin above the interdigital web of the contralateral forelimb 
and a camel’s-hair brash. F I'esulted from stimulation of the same cutaneous 
spot with the w'ire and G was evoked by wire stimulation of the eorx'esponding 
point on the ipsilateral forelimb. It can be seen that the latencies, the times 
to maximum, and the dm-ations of the surface positive waves of the somatic I 
responses are shorter than those of the somatic II responses. The differences m 
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form are dm, in part at least, to differences in the time constants of the 
interstage couplings of the amplificY (see D and J). The longer limes to 
maximum of responses A and E may be attributable to the less abrupt onset 
of stimulation by the brush as compared with the wire. Of the somatic 11 
responses the ipsilateral has a longer latency than the contralateral. Usually 
the ipsilateral response was not more than one-half as large as the contralateral. 
In the records shown they are nearly equal in amplitude. Some observed valne.s 
for the times to maximum were as follows : auditory responses, 22 milliseconds ; 
contralateral face II, 22 to 32 milliseconds; contralateral am II, 25 to 36 
milliseconds; contralateral leg II, 45 to 48 milliseconds; contralateral and 
ipsilateral face X, 15 to 24 milliseconds ; arm 1, 20 to 22 milliseconds. 



Pie. 3. — Surface positive cortical potentials evoVtea by stimulation of cutaneous re- 
ceptors in the forefoot. See text. Records C and H are time signals and D and I are 
calibration potentials. 

In working out relations of cortex to entaneous surface, two tj'pes of experi- 
mental procedure may he employed. In one method a fixed point on the 
cutaneous surface is stimulated mechanically at approximately one-seeond 
intervals and the cortex is examined by moving the exploring electrode in 2 mm. 
steps along rectangular coordinates. In this way the cortical areas of re- 
sponse corresponding to particular cutaneous spots stimulated may he defined 
(Marshall, Woolsey, and Bard,®« 1941). In the second method the cortex 
is examined point by point and for each cortical point studied the entire 
body surface is explored with the tactile stimulator to determine Avhether or 
not any peripheral area sends impulses to that cortical point. When a cutaneous 
area related to a cortical point is located, its borders are carefully delimited 
and the amplitudes of cortical potentials evoked by stimulation of various por- 
tions of the area are noted. Tliis procedure defines the entaneous areas related 
to corresponding cortical points and locates the peripheral loems giving largest 
responses at each cortical point (Woolsey, Marshall, and Bard,='' 1942). The 
two methods reveal different aspects of cortical organization and with sufficient 
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o1),se]’vatioiis the results of oilher prococluve may lie derived from dala obtained 
with the olliei’. 

Fig. 4, A shows the resjmn.ses evoked in somatie area I (Fig. 4, B) hy light 
pressure stimulation of a fixed point on the dorsum of the eontralateral fore- 
limh. The cortical area defined is fairlj* extensive hut it m\ist also extend into 
the adjacent fissures. Tlie largest re.sponscs of shortest latency, however, are 
fairly well localized. If one delimits the cortical response areas for a number 
of spatially separated cutaneous spots on the contralateral forelimb, the cortical 
areas are found to overlap one another greatly hut the locus of the maximal 


* • 



Fig. 4. — A, Cortical potentials evokefl in arm subdivision of somatic area I .b>' 
tactile stimulation of the skin of the contralateral forefoot just above the interdigital Tveo, 
volar aspect. Dots indicivte points which yielded no response. 

B, Drawing, after a photograph, of the brain from which potentials in A 
corded. The smail dots represent cortical points examined and correspond to dots ana rec 
ords in A. The large dots are points in the face area for which skin areas activating m 
points were defined (see Fig. 5). From point D the responses shown in D were recorae . 
The dots In B are 2 mm. apart along rectangular coordinate. 

C, Fields of response in somatic areas I and H to stimvtlation of contralateral forefoo . 
The diameter of each dot is proportional to the amplitude of the response at tlie point, 

D, Responses evoked at point D in B on stimulation of various spots on the snout wi 
a caraei’s-hair brush. 
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response is at a slightly different point on the cortex for each entaneous spot. 
This arrangement no donbt provides not only a basis for local sign bnt also a 
mechanism for cortical integrations. 

In Fig. 4, C the cortical areas of response to stimulation of a spot on the 
dorsum of the eontralatei’al forelimb ,iust above the interdigital web are indicated 
by dots Avhose diameters are proportional to the amplitudes of the responses 
observed at the corresponding points. There are two response areas. One is in 
somatic area I and the other is in somatic area II. In this experiment the le- 
spouse ai’ea in somatic I ivas found to extend into the ansato sulcus posterior to 
it and the response area in somatic II was followed to the bottom of the supra- 
sylvian sulcus which cuts through the area. It should be noted that in addition 
to these two areas in the contralateral hemisphere, responses to the same stimn- ' 
lations must also have occurred in somatic area II of the ipsilateral hemisphei’C. 

Data obtained with the second method are shown in Fig. 4, D. The ex- 
ploring electrode was placed on a point in the contralateral face area (point D 
in Fig. 4, B). The cutaneous area activating the point was then found to be 
the contralateral half of the snout. Light tactile stimulation alone was adequate 
and with tlm no responses were evoked on ipsilateral stimulation. Largest 
responses with shortest latencies were obtained on stimnlating the snout beloAv 
the nostril. The records shovm in Fig. 4, D represent the responses evoked at 
the cortical point when the part of the snout on which the record is mounted Avas 
stimulated. For systematic mapping of the cortex this second method produces 
more usefvAl data in a given period of time than does the first method. Data of 
the type shoAvn in Pig. 4, D may be transformed into small figures for assembling 
into charts by representing in black. the entaneous area producing largest re- 
sponses and by lining the surrounding portions AA'hich yield smaller responses. 
In this Avay the figurines composing Pig. 5 Avere constructed. Each figurine Avas 
then mounted on a diagram of the brain in a. position coiTesponding to the 
point on the cortex to Avhieh the cutaneous area illustrated sent impulses. 

Fig. 5 is a composite chart made from data collected in four experiments. 
The figurines from each experiment AA'ere fitted together by superimposing 
draAvings of the indmdual brains and matching the corresponding fissures as 
closely as possible. Fig, 5, 0, Avhieh is also a composite draAving, shows the 
relations of the charted areas to the gross morphology of the brain. It must be 
emphasized that the results shoAvn represent an incomplete map of the receiving 
areas of the pig. This is evident if one compares the data for arm subdmsion 
of somatic area I, as shoAvn in Fig. 4, A and in Fig. 5. But other portions of 
the map are also deficient, for example, the ventrolateral portion of somatic area 
II and parts of the contralateral and ipsilateral face subdivisions of somatic I. 
Large portions of the receiving areas must also exist in the various fissures. 
These have l)een explored only in part. It can be seen from Pig. 5 that the con- 
Ivalaferal face area includes the medial hank of the coronal sulcus. It, therefore, 
mii.st also occupy the lateral bank of the sulcus. The suprasylvian sulcus is 
neai'ly 1 cm. deep. Somatic area II de.scend.s to the bottom of this sulcus on its 
lateral bank, as Ave knoAv fronv direct examination, but the results shoAvn in 
Fig. 4, C indicate that it must cover the medial bank as Avell. In two of the 



Fig. 5. Each figurine m this chart shows the cutaneous area, which sent impulses to 
on which the figurine is centered. Largest responses w’ere evoked by stim- 
ulating the area outlined in solid black. The two parts of the figure. A and B, correspond 
to the regions outlined by the dotted lines in C. The broken line in A delimits cortex on the 
medial bank of the coronal sulcus and the anterior bank of the ansate, exposed bj’ removing 
opposing banks. Points on these banks are indicated by elongated dots. 
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pigs studied the hindlimb portion of somatic area II was entirely within the 
suprasyMan sulcus and in one it extended medial to the suprasylvian, posterior 
to the coronal (see Fig. 1). 

Attention is called to several features of Pig. 5 : (1) The relations of the 

cutaneous surface to the cortex are bilateral in somatic area II. This is quite 
clear with respect to the limbs -svhere the possibility of mechanical transmission 
of the stimulus from one side to the other Avas eliminated. Controls to minimize 
this factor in the snout indicated that here too the bilateral relations were real. 
As the shading in the figures indicates, the eontralatei-al responses characteris- 
tically Avere larger than the ipsilateral responses. (2) There is considerable 
ovei'lapping of somatic II face, arm, and leg subdivisions, . but the maximal 
response at each point is from either face, arm, or leg. (3) Somatic area II 
receives impulses principally from the apices of the limbs and from the upper 
part of the snout. Pcav responses Avere CAmked by stimulation of the trunk, but 
in some pigs large potentials Avere observed on stimulation of the tail. (4) 
At several points Avithin the contralateral face area the figurines shoAV that the 
peripheral areas for these points extend to both sides of the body. Bilaterality 
here may be artefaetual because of the strong stimuli employed. In any case, the 
responses Avere much larger contralaterally for all points in this portion of the 
face area, liloreover, no ipsilatei'al effects Avere ever produced in this area by 
brush stimulation alone. (5) Within the contralateral face area the pattern of 
repi-csentation on the free surface of the cortex is the same as that described 
by Adrian.'* The loAver part of the snout is i-epresented rostrally in the area, the 
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Somatic I arm area gave responses chiefly ou slimulation o£ tlie distal segments 
of the limb. One point for the shoulder was found within the ansate suleus. 

When it was found that ipsilateral and contralateral faee areas were present 
both in pig and in sheep, seai’ch was made for a homologous area in cat and 
in dog. It was located in both species rather' well forward in the hemisphere, 
rostral to the contralateral face area. Tlie area in these animals, although of 
much smaller dimensions, showed the same general relationships as in tire 
ungulates (Fig. 6, B). 

DISCUSSION 


The electrical technique of recording potential clianges evoked by cutaneous 
stimulation now has been applied in this laboratory to the study of localization 
in somatic afferent areas of the cerebral cortex in monkey,-’"’ cat,’®' 

dog,“^ rabbit,®® sheep, and pig. From these and from papers by Adrian’- •* as 
well as from studies on auditory'®' •''® and visual •'®' •‘® systems certain general- 
izations concerning cortical organization are possible. We shall summarize the 
story as it has developed and emphasize the basic principles which have been 
revealed. The results, we believe, have important bearings on the problem 
of cerebral localization in man, especially since it is now feasible to extend this 
type of study to man himself. 


In 1937 Marshall, Woolsey, and Bard’®- made use of the method 

of “evoked cortical potentials” (as distinct from spontaneous brain rhythms 
and potential changes induced by local applications ■ of strychnine) to ob- 
tain a map of the somesthetic area of the postcentral gyrus of the monkey. • 
They employed discrete light tactile stiniuli,''usually mechanical displacement of 
a few hairs on the body surface, and- observed on the synchronized sweep of a 
cathode ray tube the amplified electrical potential changes produced in tlie cortex. 
For each cortical point examined in the total area, they defined the extent of 
cutaneous surface capable of activating it. The methods employed yielded a 
more detailed picture of the pattern of localization within this region of the 
cortex than had yet been achieved by other methods including that of electrical 
stimulation of the cortex of conscious man.®®- 


The main facts already known for man were confirmed, but, in addition, 
certain new features were established, for example, the pre- and postaxial 
surfaces of the hindlimb were found to be represented, respectively, on the dorsal 
and mesial aspects of the hemisphere (Pig. 6, C). It proved possible to analyze 
the cortical map in terms of dermatomes®’- ®« and to show that the spinal seg- 
ments from 2 1 through the last caudal (Ca^) are projected to the contralateral 
poslcential gj-i-irs and paracentral lobule in the same serial order as that existing 
in the cord and with overlapping at the cortical level comparable in degree to 
that seen in the corresponding dermatomes. The serial order of the cervical seg- 
ments is letained, but on projection to the cortex these segments are I'eversed 
en bloc. This revemal brings the cortical fields of the upper cervical segments 
in contiguity witli the cortical fields of the upper thoracic segments, and 
])hices tlie cortical field of Cs adjacent to that of the trigeminal nerve. The 
reversal accounts for the fact that hand and faee areas join in the cortex and 



698 


SUKGERY 


The .stoiy is essentially the same foi* the cat (Fig. 6, B). The chief differ- 
ences are the somewhat larger size of the area in eat and a correspondingly 
greater spatial differentiation within the area for different portions of the body. 
There is no overlap, for instance, between face and hindlimb subdivisions. 

In the monkey the ai’ca is somewhat larger still (Pig. 6, C). Its arm and 
leg subdivisions lie on the superior bank of the syhdan fissure. The face sub- 
dimsion lies in part within the sylvian fi.ssin’e and in part on the inferior parietal 
gyrus adjacent to the face .sul)divi.sion of .somatic I. Again face I and face 11 
are di.stingui.shable by latency differences and by the detailed pattern of repre- 
sentation in area I. Somatic area II response.s are obtainable in the monkey only 
under quite light anc.sthesia, therefore it has been difficult to work with complete 
satisfaction on this animal. In this respect, too, the contrast with somatic I is 
gi'eat. Probably because of the suppres-sing effect of the ane.slhetic agent on 
somatic II responses it has not been possible as yet to demonstrate representa- 
tion for ti'unk and irroximal parts of the limbs in monkey. At first^' \yc obtained 
responses only from the eonti-alateral limbs. In this our first i-esults on monkey 
resembled tliose of Adrian on cat.s,’’ = the limited nature of which may also be 
ascribed to depression by the anesthetic. 

In the .sheep and the pig rao.st of the characteristics of somatic II already 
described for other species also have been established. As in monkey, responses 
from proximal parts of limbs and from trunk were small or absent, but both 
sides of the body were found to be repre.scnted in each hemisphere. With 
respect to differentiation of face, arm, and leg subdivisions, pig and sheep appear 
to take an intermediate position between rabbit and cat, if one may judge by 
the degree of overlap between subdivisions. 

The ipsilateral face area has been found in all the animals studied in this 
laboratoiy (I’abbit, cat, dog, pig, sheep, and monkey). In all of them it receives 
impulses from the same parts of the body, that is, from the lips, tlie lower side of 
the face, the tongue, the buccal cavity, and perliaps the pliaiynx. In all species 
it lies adjacent to an ipsilateral motor area for the same portions of the body 
(rabbit.’® cat,-’’ ®® sheep.® monkey,®® An ipsilateral motor face area similarly 

situated has also been reported for the goat.’® In the monkej^ the ipsilateral 
motor face area lies at the lower end of the central sulcus on the precentral 
gj-rus. In our own experiments®® this area in the monkey was strictly ipsilateral 
but merged anteriorly and medially Avith the contralateral motor face area 
through a transition zone giving bilateral contractions. It may be noted that 
bilateral motor responses for the loAver face have been reported for primates 
by sevei'al AA-orkers.®’’ ®® 

It is of great interest that those portions of the body Avhich aniinal experi- 
ments have shoAvn to be represented in the ipsilateral sensory and motor face 
areas are the parts of the body AA'hieh have most often shoAV’n bilatei'al relations 
to the cortex in electrical stimulation of the brain of man.®®’ ” Penfield and 
Boldrey" (p. 440) reported bilateral .sensations from lips, tongue, and mouth 
and bilateral movements of these same parts. They comment ; "This bilateral 
response is iir such striking contrast to its complete absence in the extremities 
that it must indicate a small degree of trne repi’esentation of bilateral function 
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ill each heniisphei’c..” From our own fimliii}; (hat (ho ipsilalcral sensory area 
lies chiefly within (lie central sulcus in monkey and from the fact that mncli 
of the motor area in man is within the central sulc.ns, it seems likely that truly 
ipsilateral sensoiy and motor face areas in man may be largely buried on the 
walls of the central sulcus. The bilateral results described for man, then, would 
correspond to the results obseiwed by us while recording from or stimulating the 
transition zones between contralateral and ipsilateral areas. 

Dr. Dandy®® has reported that ipsilateral .sensory and motor functions in 
the domains of the trigeminal and facial nerves may be preserved in part after 
unilateral removal of one cerebral hemisphere in man. Possibly the ipsilateral 
areas just discussed have something to do with the preservation of these func- 
tions. One can scarcely account for the findings on the basis of somatic area II 
because arm and leg, as well as face, are bilaterally represented in this area. 

What aspects of cutaneous sensoiy function arc mediated by somatic area 
II is as yet unknown. A slowing of sensorimotor reactions (tactile placing) 
is the only impairment which has been observed to date following its unilateral 
removal in eats and monkeys.'® We also Imow that somatic area II cannot 
compensate for loss of somatic area 1 in control of tactile-placing reactions.'® 
Some recent interesting observations by Bender’® on war injury cases, which 
he explains on the basis of bilateral cortical representation of the extremities, 
may prove related to somatic area II. 

We have noted earlier in this paper that there are dual cortical areas not 
only for the somatic but also for the visuaP®> and the auditoiy'®' ®® systems 
(Pig. 6). Duality, therefore, appears to be a general principle of cortical 
organization. The position of somatic and auditory areas II between the 


rhinencephalon and insula on the one hand and the more highly differentiated 
areas I on the other suggest that the “second” areas may be phylogenetically 
more ancient and primitive. But the principle of dual representation is not 
limited to the cerebral cortex. Tliis is clear from the study of Snider and 
Stowell« on afferent systems to the cerebellum. They found that tactile stimu- 
lation gave rise to electrical responses both in the anterior lobe and in the 


paramedian lobules. In the anterior lobe the responses are produced by 
ipsilateral stimulation only, while responses in one paramedian lobule can be 
evoked by stimulation of either side of the body, ipsilateral responses being 
larger than contralateral ones. These results suggest a parallelism between the 
anterior lobe and somatic area I, and between paramedian lobule and somatic 
area II. Indeed, Adrian® has shown that face, arm, and leg subdivisions of the 
rolandic cortex are related to face, arm, and leg subdivisions of the anterior 
lobe, and one of us (C. N. W^.)'’® has found that somatic II and paramedian lobule 
are mutually inteiTelated. 


One may deduce that undoubtedly separate pathways in the spinal cord 
sem’-e these dual systems of the cerebral cortex and cerebellum. Possibly the 
systems concerned are those discussed by Brouwer." If this is true then one 
must ask; Are there also dual systems of fibers in cutaneous, auditory, and 
optic nerves? It is tempting to think that this is so. We know that there are 
two types of auditoiT neiwe fibers, the radial and the spiral. Do these respee- 
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tively project their messages to anclitoiy areas I aud II of the cerebral cortex? 
There are also the rods and the cones of the retina and two~kno\TO types of 
vision, photopie and seotopic. Is photopic vision served by visual area I and 
seotopie vision by visual area II? (See Parsons'*" on dyscritic and epicritic 
visual s 3 "stems.) Finally, one niaj' recall that Head"’ postulated a dual system of 
cutaneous neiTe fiber's to account for phenomena associated with regeneration 
of peripheral nerves. It would be unwarranted to suggest a relationship between 
the dual cortical somatic systems and Head’s postulated dual system of 
peripheral nerve fibers. Yet it is stimulating to think about this possibility, 
particularly since the detailed localization in somatic I and the le.ss detailed 
localization in somatic II suggest that the function of the postcentral gjwus 
(epicritic?) would be much more serioush' affected ly confusion in the distribu- 
tion of regenerated peripheral nerve fibers than would the function of somatic 
II (protopathie?). These are qrrestions which orre need not corrsider in a 
specirlative manner only. It is quite po.ssible, we think, to answer them by 
experiment. 

SUMMARY 

1. The somatic receiving areas of the cerebral cortex of pig and sheep 
have been studied bj' obserwing arrd recording the surface positive electrical 
poterrtials evoked in the cortex by mechanical stimulation of cutaneous recep- 
tor's while the arrinrals wore anesthetized with pentobarbital sodium or with 
perrtobarbital and clrloralose. 

2. As in other animals (rabbit,®" cat,’ dog,®'* and monkey®-*), two somatic 
afferent areas were foirnd in each hemisphere: somatic area I, the homologue 
of the postcentral gjinrs of primates and somatic area II, which in monkey lies 
on the upper bank of the sylvian fissure. 

3. Iir both species an ipsilateral face area, receivirrg imprrlses from lips, 
side of face, tongue, palate and floor of mouth, also was found. This lies con- 
tiguous to and ahead of the cotrtralateral face subdivision of somatic I. Whether 
it should be classified separateh" or as a part of somatic I has trot been decided. 
Homologous areas have Ireen found in cat, dog, rabbit, and morrkey, and there 
is eviderree that the ipsilateral face area ma.y exist in mart also. 

4. In pig, face and arm subdivisiorrs of somatic I were found; leg sub- 
division was not located but probably lies on the mesial surface of the hemisphere. 
In sheep, only the face subdivision of somatic I was studied. 

5. Pace, arm, and leg subdivisions of somatic II were demonstrated both 
in pig and irr sheep. 

6. In all animals so far studied the relations of cortex to skirt are entirelj’^ 
crossed in somatic area I, with the exception of the ipsilateral face area. In the 
zone of transition from contralateral to ipsilateral face areas the relationships 
are bilateral. 

7. Both sides of the body send impulses into somatic area II, but the con- 
tralateral responses are larger. Stimulations of snout, limb apices, and tail 
jdeld largest potentials. Few responses ai'e produced bj' stimulation of trunk 
and proximal parts of the limbs, probablj’- because the small responses to be 
expected (bj^ analogy with cat and rabbit) are suppressed by the anesthetic. 
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8. Dual representation is not unique for the cortical somatic system. It lias 
also been found in the visual"'- and 'in the auditory areas"'*- "* of the cerebrum 
and in the tactile system of the cerebellum."" These dual systems proi^oke many 
interesting questions both for experimental and clinieal investigation. 


REFERENCES 

I. Adrian, E. D:. Double Eepre.sontation of the Pcet in the Son.sor^’ Cortex, of the Cat, 

J. Physiol. 98; 16P, 1940. , ^ i , o 

2 Adrian, E. D.: Afferent Discharge.s to the Cerebral Cortex From Peripheral Sense 

Organs, J. Physiol. 100: 159, 1941. . .r , ,nn. 

3. Adrian, E. D.: Olfactory Eeactions in the Brain of the Hedgehog, J. Phj'.siol. 100. 

459, 1942. 

4. Adrian, B. D.: Afferent Areas in the Brain of Ungulates, Brarn 66; 89, 1943. 

5. Adrian, E. D.: Afferent Areas in the Cerebellum Connected AVifh the Limbs, Bram 

66; 289, 1943. 

6. Ades, H. AY., and Felder, E. E.; The Acoustic Area of the Monkey (Macaco Mviaita), 

J. Neurophysiol. 5: 49, 1942. 

7. Ades, H. AY., and Felder, E. E.: The Acoustic Projection Sy.stem: A Comparative 

Study, J. NeurophyMol. 8: 463, 1945. 

8. Allen, AY. F.: Distribution of Cortical Potentials Eesulting From Insufflation of A’’apors 

Into the Nostrils and From Stimulation of the Olfactory Bulbs and the Pyriform 
Lobe, Am. J. Physiol. 4: 553, 1943. 

9. Bagley, Jr., C.: Cortical Motor Mechanism of the Sheep Brain, Arch. Neurol. & 

Psychiat. 7: 417, 1922. ' 

10. Bard, P. : Macleod’s Physiology in. Modern Medicine, ed. 8, St. Louis, 1938, The C. AL 
Mosby Co., p. 138; ed. 9, 1941, p. 209. 

II. Bard, P. : Studies on the Cortical Eepresentation of Somatic Sensibility, Bull. New 

York Acad. Med. 14: 585, 1938; Harvey Lcet. (s. XXXIH, 1937-1938) 143, 1938. 

12. Bard, P., and AYoolsey, C. N.: Unpublished Observations. 

13. Bender, M. B.: Extinction and Precipitation of Cutaneous Sensations, Arch. Neurol. 

& Psj-chiat. 54: 1, 1945. 

14. Bremer, F.: Etude Oseillographique des Eeponses Sensorielles de PAire Acoustique 

Corticale Chez le Chat, Arch, internat. de physiol. 53: 53, 1943. 

15. Bremer, F., and Dow, E. S.: The Cerebral Acoustic Area of the Cat, a Combined 

Oscillographic and Cytoarchiteetonic Study, J. Neurophysiol. 2: 308, 1939. 

16. Brooks, C. hIcC., and AA-’oolsey, C. N.; Placing and Hopping Eeactions in Eelation to 

the Electrically Excitable “Motor” Areas of the Cerebral Cortex of the Eabbit, 
Bull. Johns Hopkins Hosp, 67 : 41, 1940. 

17. Brouwer, B.: Pathology of Sensibility, The Herter Lectures, vol. 17, Baltimore, Md., 

1926, AATlliams Sc AVilkins Company, p. 27. 

18. Campbell, A. AY.: Histological Studies on the Localisation of Cerebral Function, 

Cambridge, 1905, Cambridge University Press. 

19. Clark, S. L., AYard, J. AAA, and Dribben, I. S.: Cerebral Cortical Stimulation of Goats, 

Normal and Nervous, J. Comp. Neurol. 74; 409, 1941. 

20. Dandy, AY. E.: Physiological Studies Following Extirpation of the Eight Cerebral 

Hemisphere in hfan, Bull. Johns Hopkins Hosp. 53: 31, 1933. 

21. Dow, E. S.: Cerebellar Action Potentials in Eesponse to Stimulation of A^arious 

Afierent Connections, J. Neurophysiol. 2; 543, 1939. 

22. Dow, E. S., and Anderson, B.: Cerebellar Action Potentials in Eesponse to Stimulation 

of Proprioceptors and Exteroceptors in the Eat, J. Neurophysiol 5; 363 1942 

23. Dusser de Barenne, J. G., Garol, H. AAC, and McCulloch, AY. S.: Functional Organiza- 

tion of Sensorj' and Adjacent Cortex, J. Neurophysiol. 6 : 324, 1941. 

24. Ferrier, D.; The Functions of the Brain, New York, 1876, G. P. Putnam’s Sons. 

25. Foerstor, O.: Sensible Corticale Felder, in Bumke, O., and Foerster O. editors- 

Handbuch der Neurologic, vol. 6, Berlin, 1936, Julius Springer, p. 358.’ ’ 

26. Fox, C. A., hIcKinley, VS. A., and Magoun, H. AY.: An Oscillographic Study of 

Olfactory Sj’stem of Cats, J. Neurophysiol. 7: 1, 1944. ’’ 

27. Garok^H.^W^: The “Motor” Cortex of the Cat, J. Neuropath. & Exper. Neurol. 1; 

28. Gerard, R. AN., Alarshall, AA’^. H., and Saul, L. J.: Cerebral Action Potentials. Proc. Soc 

Exper. Biol. & Med. 30; 1123, 1933. 

29. Gerard, E. AY., hlarshall, AY. H., and Saul, L. J.: Electrical Activity of the Cat’s 

Brain, Arch. Neurol, fr Psychiat. 36: 675, 1936. 

30. Hayes, G. J., and AYoolsey, C. N.: The Pattern of Organization AYithin the Primarj- 

Tactile Area of the Cerebral Cortex of the Cat, Federation Proc Am Soc Exuer 
Biol. 3; 18, 1944. ' ‘ 



702 


SURGERY 


31. Head, H.; Studies in Heurology, 2 vols., London, 1920, Oxford University Press. 

32. Horsier, V., and Schaefer, E. A.: A Record of Experiments Upon the Functions of the 

Cerebral Cortex, Phil. Tr., London (S.B.) 179; 3, ISSS. 

33. Leyton, A. S. F., and Sherrington, C. S.: Observations on the Exeit.able Cortex of the 

Chimpanzee, Orang-utan, and Gorilla, Quart. ,1. Exper. Ph.vsiol. 11: 135, 1917. 

34. Licklider, J. C. E., and Kryter, K. D.; Froqueney-Localization in the Auditory 

Cortex of the Monkey. Federation Proe. Am. Hoc. Exper. Biol. 1: 51, 1942. 

35. Marshall. W. H., and T.albot, >S. A.: Recent Evidence for Neural Mechanisms in Vision 

Leading to a General Theory of Sensory Acuity, Biol. Symposia 7: 117, 1942. 

36. Marshall, V. H., Talbot. S. A., and Ades. H. W.; Cortical Response of the Anesthetized 

Cat to Gross Photic and Electrical AlTeront Stimulation, .T. Neurophj-siol. 6: 1, 
1943. 

37. Marshall, IV. H., IVoolsey, C. N.. and Bard, P.: Cortical Representation of Tactile 

Sensibility as Indicated by Cortical Potential.s, Science 85; 388, 1937. 

38. Mar.chall, IV. H., B'oolsey, C. N., and Bard, P.: Obsen’ations on Cortical .Somatic 

Sensory Mechanisms of Cat and Monkey, .1. Neurophysiol. 4: 1, 1941. 

39. O’Leary, J.. and Bishop, G. H.: The Margins of the Optically Excitable Cortex in the 

R.abbit, Arch. Neurol. & Psychiat. 40: 482, 1938. 

40. Parsons, J. H. ; An Introduction to the Theory of Perception, C.ambridge, 3927, Cambridge 

University Press. 

41. Pentield, VT.. and Boldrey, E.: Somatic Motor and Sensory Representation in the 

Cei'ebral Cortex of Man a-. Studied by Electrical .Stimulation, Brain 60: 389, 1937. 

42. Rose. J. E.; A Cvtoarchitectural Stndv of the Sheep Cortex, J. Comp. Neurol. 76: 1, 

1942. 

43. Rose, J. E.. and Woolsey, C. N.; Potential Changes in the Olfactory Brain Produced 

by Electrical Stimulation of the Olfactorv Bulb. Federation Proc. Am. Soc. Exper. 
Biol. 2; 42, 3943. 

44. Snider, E. S., and Storvell, A.: Receiving Areas of the Tactile, Auditory and Visual 

Systems in the Cerebellum. ,T. Ncurophysiol. 7: 333, 1944. 

45. Talbot, .S. A.: A Lateral Localization in the Cat’s Visu.al Cortex, Federation Proc. Am. 

Soc. Exper. Biol. 1: 84, 3942. 

46. Talbot. S. A., and Marshall. W. H.: Physiological Studios on Neural ^Mechanisms of 

Visual Localization and Discrimination, Am. .T. Ophth. 24: 1255, 1941; Proc. A. 
Research Ophth. 12: 63, 1941. 

47. Talbot. S. A., and Marshall. W. H.: Physiologic Studies on Neural Mechanisms of 

Visual Localization and Discrimination, Arch. Ophth. 27; 233, 1942. 

48. Talbot, S. A., Woolsey, C. N.. and Thomp-^on, .1. M.: Visu.al Areas I and 11 of 

Cerebnal Cortex of Rabbit, Federation Proc. Am. Soc. Exper. Biol. 5: 103, 1946. 

49. Tunturi, A. R.: Audio Frequency Localization in the Acoustic Cortex of the Dog, Am. 

J. Phy.siol. 141: 397. 3944. 

50. Walker, A. E., and Green. H. D.: Electrical Excitability of the Motor Face Area: A 

Comparative Study in Primates, .1. Ne:iroiihysiol. 1: 152, 1938. 

51. Walzl, E. M.. and Woolsey, C. N.: Effects of Cochlear Lesions on Click Responses in 

the Auditory Cortex of the Cat, Federation Proc. Am. Soc. Exper. Biol. 1: S8, 
1942. 

52. Walzl. E. M., and Woolsey, C. N.: Cortical Auditory Areas of the Monkey as De- 

termined by Electrical Excitation of Nerve Fibers in the Osseous Spiral Lamina 
and by Click Stimulation. Federation Proc, Am. Soc. Exper. Biol. 2: 52, 1943. 

53. Ward. .1. W., and Clark, S. L.: .Specific Responses Elicitable From Subdivisions of 

the Motor Cortex of the Cerebrum of the Cat, J. Comp. Neurol. 63: 49, 1935. 

54. Woolsey, C. N.: "Second” .Somatic Receiving Areas in the Cerebral Cortex of Cat, 

Dog and Monkey, Federation Proe. Am. Soc. Exper. Biol. 2: 55, 1943. 

55. Woolsey, C. N.: Additional Observations on a "Second” Somatic Receiving Area in 

the Cerebral Cortex of the Monkev, Federation Proc. Am. Soc. Exper. Biol. S: 
53, 1944. 

56. Woolsey, C, N.: Unpublished Observations. 

57. Woolsey, C. N., Marshall, W. H., and Bard, P.; Representation of Cutaneous Tactile 

Sensibility in the Cerebral Cortex of the Monkey as Indicated by Evoked 
Potentials, Bull. Johns Hopkins Hosp. 70: 399, 1942. 

58. Woolsey, C. N., Marshall, W. H.. and Bard, P.: Note on the Organization of the 

Tactile Sensorv Area of the Corebral Cortex of the Chimpanzee, J. Neurophysiol. 

6: 287, 1943. ' ^ , 

59. Woolsey, C. N., and Walzl, E. M. : Topical Projection of Nerve Fibers From Local 

Regions of the Cochlea to the Cerebral Cortex of the Cat, Bull. Johns Hopkins 

Hosp. 71; 315, 1942. , , 

60. Woolsey, C. N., and Wang, G.-H.: Somatic Sensory Areas I and 11 of the Cerebral 

Cortex of the Rabbit, Federation Proe. Am. Soc. Exper, Biol. 4: 79, 1945. 



THE SURGICAIj TRBATJtlENT OF VASCUJjAR ANOI^IALIES OF THE 
PREMOTOR AREA PRODUC1NC4 EPILEPSY 

Frederick Leet Reichert, jM.D., Sam Frakcisco, Calif. 

(From ilw Department of Surtjerp, Stan font Uiiiirmity Sclioot of Mulicinc) 

A t the 1935 meeting of the Harvey Cushing Society I reported on the 
treatment of throe patients with nacksonian scirAires due to va.sciilar 
anomalies in the premotor area. In this paper were discussed eci'lain peculiar 
findings in the ventriculograms of scpai’ation of the bodies of tlic ventricles 
by angiolnas, and the maEwd temporary paralytic reaction following the co- 
agulation of abnormal cortical vc.ssels. The pajicr was withheld from publica- 
tion because less than five years had elapsed following the operations. 

That same year in a report on epilepsy due to vascular abnormalities of the 
brain, sixteen cases of vascular abnormalities in which operation had been done 
during the previous six years were discussed. Of these cases, one was due to 
saccular aneurysm coagulated successfully, another to an arteriovenous an- 
euiysm treated by decompression,^ another to vascular occlusion of the aque- 
duct of Sylvius,^ six to vascular anomalies of the premotor area, and seven to 
angiomas or hemangiomas. 

In the fall of 1936, a third report of six cases of epilepsy with vascular 
anomalies in the premotor region was read at the Pan-Pacific Surgical Con- 
gress.® Emphasis was laid on (1) signs of the premotor syndrome or the signs 
of a combined motor or premotor lesion in these patients, (2) the fact that 
ventriculograms in three cases revealed a neiv finding of slight separation of 
the body of the lateral ventricles just posterior to the anterior horns, which was 
found to be caused by deeply situated angiomas in the callosal region, (3) the 
observation >that four of the patients had dural angiomas besides cortical vascu- 
lar abnormalities, (4) the disturbance of cerebral vascular balance by the co- 
agulation of the anomalous cortical and dural vessels and angiomas resulting 
in marked cereliral edema and transient hemiplegia that disappeared with the 
development of adequate collateral circulation, and (5) the fact that the re- 
peated use of intravenous hypertonic solutions proved a more satisfactory 
procedure than decompression or repeated ventricular punctures in controlling 
this postoperative cerebral edema. 

It is now timely to review these experiences in attempting to treat epilepsy 
due to vascular anomalies located in the premotor area and to present case re- 
ports of fifteen such patients operated upon from 1935 to 1941, with at least 
a five-year follow-up period. 

Although the paper is limited purposely to lesions of the premotor region, 
the reader is referred to the 1928 monograph of Cushing and Bailey* on blood 
vessel tumors of the brain, to the 1928 article of Dandy*’ on venous abnormalities 
and angiomas of the brain, and to Dandy's® chapter on the brain in Lervis’ 
Practice of Surgery. 
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The importance of the frontal lobes has been emphasisced particularly by 
the experimental Avork from the physiologic la])oratories at the Yale UniA’crsity 
School of IMedicine, Avhere carefiil obserA'ations of tlie effect of stimulation and 
destruction of small areas in this lobe had substantiated the observ'ations re- 
corded in a fcAA" scattered clinical reports. 

FolloAving the localization of forced gra.sping in Brodmann's cortical area 
6 in monkeys by Richter and Iiino.s' in 1932, a physiologic e\'aluation of this 
area Avas made by Fulton, Jacobsen, and Kennard,® aa'Iio, bc-sides securing the in- 
A'oluntary grasping reflex, obserA-ed s])as1icity and increase in tendon reflexes 
on the side opposite to the lesion. Later Fulton and Kennard,® and Kennard’® 
determined that a lesion in area 6 cau.sed tlic dermal temperature of the contra- 
lateral side to be loAA’er than the normal side and produced transient edema and 
changes in the color of the .skin and diminished the production of sweat. 

These experimental obserA-ations on the premotor area AA-ere applied to tlie 
problem of a patient on AA’hom a surgical remoAml of a cystic glioma restricted to 
the right premotor area A\’as performed, and led to the enunciation of the sjm- 
drome of the premotor cortex in man," consisting of impairment of skilled moA'e- 
ments, forced grasping, spasticity, \'a.somolor disturbances, and increased ten- 
don reflexes. The advances in the study of this region during the past ten years 
haA*e been compiled in a recent book on the premotor cortex edited by l?aul 
Buej'.'^* 

Although certain authors had advised no inteiTerence in patients Avith 
anomalous cortical vessels, tlie first Iavo of the patients operated upon in 1935 
presented a problem that seemingly might be attacked by coagulation of the 
aberrant A-essels. The procedures used in handling the stormy postoperative 
course of these tAvo patients made possible a smoother treatment of subsequent 
patients Avith similar lesions, both at operation and in the postoperath'e period. 

Reports of most of the folloAving cases indicate that these epileptic patients 
had the syndrome of the premotor area alone or in combination AA'ith the ad- 
jacent motor area, and in them the anomalous a'csscIs found at operation AA’ere 
coagulated. 

CASE REPORTS 

Case 1. — Mr. M. C., aged 21 years, was seen in January, 1935, because of fainting 
spells of two years’ duration. 

On Thanksgiving Day, 1932, he was pulling out blasted tree stumps. That evening, 
wliile at a dance, he developed nausea and severe headache and was found next morning 
drowsy, delirious, and with a right hemiplegia. Within three Aveeks the hemiplegia showed 
improvement, but the right foot Avas never restored to -normal, remaining cold and stiff Avitli 
the toes in an extended position. 

In the ensuing tAvo years he experienced six attacks in Avliich lie fell unconscious, Avith 
the extremities rigid in tonic contracture. 

On examination, the reflexes Avere increased on the right AA-ith positive Babinski and 
Eossolimo signs and a sustained ankle clonus. The right foot Avas AA-eak, and the toes Avere 
spastic, cold, and in an extended position. Ventriculograms shoAved slight dilatation of the 
roof of the left A-entriele (Fig. 1), 

A diagnosis of cortical cicatrix following a subarachnoid and cortical hemorrhage m 
the left motor and premotor areas, due to some vascular anomaly, was ventured and exploration 
advised. 
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A left oiiiniotoiny Miih poifoiiiicd Ann. 15) 1035, uiulor iiverfiu aiul local ancf'llicain. A 
localized suburaehiioid hiking was seen. A cystic area could be palpated in the motor leg 
area (Fig. 2). This was tapped at n depth of 1 cm. and 10 c.c. of cleai, sti.aw-coloied. non- 
coagulable fluid were nithdiawn. When tlie needle was ]i!is.scd fhiough tlie cyst, le.sistaiice 
by firm tis.suo was encountered for a distance of 3 cm. Thiee abnoiinal uiteties, appealing on 
the mesial aspect of the hcmisphcie, enteied the coile.x of the jireniolor aiea and, on lateral 
retiaction of the ceiebrum, a largo vein with buinches from the leg and premotor aica de- 
scended on tho mesial aspect to cntei a huge abnorninl venous ehanncl in the falx .several 
centimeters below the longitudinal sinus. This was coagulated, us was a modeuitely-sizod 
artery from tho duia which enteied the picmotor aioa. la an attempt to tap the anterior 
horn of the left ventricle, aiteiial blood was obtained without any i-en'^ation being c.\pericnced 
that a vessel wall had been enteied, iherefoic it uas simpccted that an angioma had been 
punctured. The needle was not wlthduuvn until bleeding had .stopjied. The hone flap was lo- 
placed and closure effected. 



F.b. 1 (Case 1'— of the 


On auakening fiom the anesthesia the patient had a slight aphasia and a right-sided 
weakness. A tentricular puncture gave 15 c.c. of clear fluid undei moderate piessuie. 

During the course of the next two days tho apliasia incieased and the right paresis in- 
vohed the liand more than the leg. Since it was foaied that an extradural hemorrhage had 
developed, the bone flap was elevated under local anesthe.sia, Jaimaiy 17. A blood clot 1 cm. 
thick, which had formed beneatii the bone flap, was lemored. Because tlio dura felt tightj 
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although there was no subdural hygroma or hematoma, a subtemporal decompression was 
made. Subsequent ventricular punctures were planned, as well as a continuation of the lim- 
itation of fluid intake to 1 L. a day to control the edema. 

Three right ventricular punctures, 3 'ielding 30 to 40 c.c. of clear fluid under moderate 
pressure each time, were made during the next daj'. No favorable rcspon.so followed the.'^c 
taps and the patient became more drowsy, so on January 18 the bone flap was removed and 
preserved in alcohol for replacement later. Blood was again obtained at an attempt to tap 
the anterior horn of the left ventricle at this operation. 



Fig. 2 (Case 1).. — Operative exposure showing positions of cortical cyst, subcortical scarring, 
frontal angioma, and abnormal vascularity in left premotor region. 
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Further removal of right ventricular fluid by six punctures during the next day failed 
to make the patient more responsive, but after the intravenous administration of a hypertonic 
solution of glucose (12 per cent) and salt (5 per cent) a marked and favorable change was 
produced. The hypertonic solution was given twice daily for the next three days and, although 
a ventricular puncture was performed cverj’ six hours during the same period, it was felt that 
the deciding factor in his improvement followed the intravenous medications. By January 23 
the decompression was soft, and rapid improvement occurred in the aphasia and right paresis. 

An attack of influenza delayed his discharge from the hospital until February 9. At 
this time he showed a little hesitancy in speech with some weakness of tiie right upper ex- 
tremity, and a more rapid recovery in the leg. The reflexes on the right were hyperactive 
with an ankle clonus and positive Babinski and Eossolimo signs. The spasticity in the right 
foot had disappeared and this limb was now as warm as the opposite one. 

The patient returned on March 28, 1937, with a nearly normal gait, but a slight weak- 
ness and awkwardness still persisted in the right forearm and hand. Very little evidence 
of aphasia was found. The reflexes were still hyperactive but no pathologic reflexes could 
be obtained. The bone flap was replaced without any difSculty. The dura was under no 
tension. Only a few cubic centimeters of fluid were obtained in tapping the log area. The 
cortex was not explored. 

Since operation the patient has been examined on several occasions. The spasticity, 
coldness, and abnormal neurologic signs had disappeared, but he continued to have several 
epileptic seizures, clonic in nature, for three years, then occasional seizures in the next four 
years, with no seizures during the past three years. His speech was not rapid and the 
awkward, cold right upper extremity still was not much use to him as a grocery clerk. 

Comment . — The onset of this lad’s illness dated from Thanksgiving, 1932, 
when a subcortical hemorrhage, presumably from an angioma, occurred in the 
left premotor and motor areas. The cyst in the motor leg area, the subcortical 
cicatrix and angioma, revealed by operation, added support to this hypothesis. 
Abnormal arteries and veins in the premotor area, also disclosed bjr operation, 
were coagulated. An extensive cerebral edema developed postoperatively which 
was not affected by decompression, dehydration, and withdrawal of ventricular 
fluid, but was immediately and favorably influenced by the administration of 
hypertonic solutions given intravenously. Eleven years after operation found 
him with an awkward, cold, weak right upper extremity, slight evidence of motor 
aphasia when excited, and no seizures during the last three years. 

■ Case 2.— Miss L. P., a atudeut, aged 25 years, was admitted in January, 1935, because 
of headaches, vomiting, and spasticity of the right hand for the previous ten days. 

Slie liad been subject to attacks of fainting for the preceding two years. In the first 
spell a friend noticed that the right hand and arm were spastically flexed. Subsequently she 
had transient periods of lightheadedness and headaches. By the fall of 1934 the headaches, 
usually occurring in the afternoon and found not to be due to eyestrain, were more frequent 
and severe, necessitating aspirin and barbital medication; the vertigo associated with nausea 
made her wonder if she liad a brain tumor. 

The recent episode came rather suddenly with nausea, vomiting, severe frontal head- 
ache, and spasticity of the right hand. She did not use the right hand because it was clumsy-- 
she could not write with it. She complained of being dizzy, although objects did not move, 
and of having difficulty in walking. During a physical e-xamination she paled and fell un- 
conscious with tonic contraction of the right forearm and hand. 

During the e.xamination the patient was reticent in giving the history and kept her 
right hand under the covers. She was very despon.dcnt, with suicidal thoughts. Neurologically, 
hyperactive reflexes were found on the right side but there was no muscular weakness or 
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sensory change. The light hand ^^as clinched but could bo lelaxed completely at times. 
Stroking the palm oi pulling gently on the Hexed fingcis induced a maiked .‘•pa«tic response. 
Her gait was unsteady and hesitant as the right leg nas handled aukwardly and made her 
lurch to the right. Station was good, lumeiei. Touching the examiner’s hand uith her right 
foot or fingeis Mas perfoimed uitli hc'-itancj and inaccuracy. The light side of the body, 
especially the fingeis and toes, at tunes felt definitely coolei than the con esponding part on 
the left side. The Babinski, Oppeiiheim, noflmann, and Rossolinio signs Mere nggathe. The 
eye grounds shoMod a ‘-light ha/inc'-s of the right nasal di‘-c. 'Die audiometei reading was 
normal. Blood pio'-'-ine areiaged 1 j 0/S0, although tMO xear*. befoie if Ma-- iccoided at 120 
systolic. 



Fig. 3 (Case 2) — Xnteroposteiior Men of i entnculogram shonmg slight sepaiation of bodies 

of lateral \entricles 

The tentatiie diagnosis ot labi nntliitis nas changed to eitliei a left fiontal tumor oi 
\asculai anomaly, and rentiiculogiaplu adrised. 

The lentricular fluid was undei inneased piessuie but the ventiiculograms excluded a 
tumoi of the frontal lobe since the lentiicles appealed noimal m size. Tlieie nas, bon ever, 
a slight sepaiation of the bodies of the \entiieles just back of the anterior horns (Fig. 3). 
A revised diagnoMs of lasculai anomah in the left pieniotoi aiea nas offeied. 

A left ciamotomj nas performed undei aieitm and local anesthesia on March 2, 193o. 
The exposed dura contained a caieinous angioma (Fig. 4) seieial centimeters in diameter 



REICHERT : 


X’REMOTOR VASCUHAK AXOAIAUE.S I'ROUUCINC ERJEEl'SY 


709 


and 3 cm. from tho midlinc. On ieflo.\ion of llie dtiia, .‘•pvon artciicH and vcin.s wfie .‘-ecu 
to extend from the dural angioma directly into the premotor cortex. There wa.s a f-mall aiea 
of subarachnoid lahing with arachnoid opacity in thi.s region. Tho cortex felt normal. The 
abnormal vessels from dura to coitex were coagulated, then tlie diiial angioma w.as coagulated 
and 'excised. Fascia from the tempoial muscle was used to replace the o.xciscd dura, and 
then the bone flap was replaced. 


- 

X, 


X 



Pig. 4 (Ca>5e 2). — Opeiative exposure revealing the dural 
ana veins entering the left pieniotor cortex, and the callosal 
\entricles. 


angioma with its seven arteries 
angioma separating the lateral 


By evening the patient a as aw,al;e, talkative, and without any riglit-sided weakness oi 
spasticity, but tho follouing day she was slightly dronty. In view of the experience with tin 
first case, ventricular puncture was done with the release of fluid under slight pressure. Intra 
venous injection.? of hypertonic solution of glucose and salt were given also, whicli made tin 
patient more responsive. However, the second postoperative day found her drowsy and wdtl 
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a definite right-sided paresis and aphasia wliicli were not influenced by ventricular tap or 
hypertonic solutions to any marked extent, so a decompression was advised. 

Before the bone flap was elevated, when an attempt was made to tap the right ven- 
tricle, through an anterior trephine opening, the needle encountered arterial blood without 
the operator feeling any resistance of a vessel wall. One ounce of blood flowed out briskly. 
By a slight shift of the needle, brain tissue came out which was pushed into the angioma by 
the stylet. This procedure caused a cessation of the bleeding and the needle was withdraivn. 
It was assumed that the needle’s point had entered an angioma which had produced the slight 
separation of the lateral ventricles as shown by ventriculography. The bone flap was then 
elevated but only one-half ounce of clotted blood was found extradurally. As the dura 
was tight, a left subtemporal decompression was made. 

The following two days showed an improvement in the patient’s condition. .Spinal 
instead of ventricular punctures were done, the fluid being slightly blood tinged, and hji)er- 
tonic solutions were given intravenously twice daily. On March 6 the decompression was 
flat, the spinal fluid was straw colored, the blood pressure was around 125/75, and the patient 
was speaking a few words. The right hemiplegia persisted. The next day the left hand was 
spastic for short intervals, but this was never observed subsequently. The right hand also 
became spastic again, but relaxed the next day. Pain in the right arm and leg was a com- 
plaint, followed on March 10 by movements of the right toes. Rapid improvement in the 
aphasia and right hemiplegia persisted, but sitting up and walking was delayed until tlie 
fourth postoperative week because of annoying vasoconstriction when the patient was in the 
upright position, as shown by facial pallor and cold extremities, with the right hand becom- 
ing spastic. On reclining her color returned, followed by the warming of her hands .and feet 
and relaxation of the right hand. 

By the sixth week the aphasia had cleared, she could use her hand for eating and 
writing, and she walked with slight support. Tlie reflexes were hyperactive on the right side, 
with an unsustained ankle clonus but negative Babinski, Oppenheim, and Kossolimo signs. 

The vasomotor disturbance disappeared about the fourth week after operation, when the 
decompression was slightly sunken and she could perform the finer coordinating movements of 
the right hand, write legiblj*, and walk without support. Occasionally the right foot felt a 
little cooler than the left, but the hands showed no difference in temperature. The systole 
blood pressure stabilized around 120 since the first postoperative week. 

After three months all signs and symptoms had subsided and an adequate collateral 
circulation apparently had developed. 

About one year later, however, she experienced two fainting spells and then, rather sud- 
denly, developed dizziness, nausea, awkward gait, a left sixth nerve palsy, and slightly ele-- 
vated blood pressure. Conjugated deviation of the eyes to the left was noted a number- of 
times. Leakage from the midline angioma was postulated and in the course of two months, 
without any particular treatment, the symptoms and signs disappeared and she returned to her 
classes. 

In 1938, the patient married, the first child was born in 1940, and subsequent children 
in 1941, and 1943. Her neurologic examination has remained negative, and there have 
been no seizures since operation. 

Comm&nt . — ^In this young woman, signs and symptoms such as attacks of 
unconsciousness when the right hand was spastic, headaches, vertigo, nausea, 
and vomiting, with recent development of spasticity and forced grasping in 
the right hand which, at times, was cooler than the left, and hyperactive reflexes 
on the right side, gave the localization of a lesion to the left premotor area. The 
presence of a tumor was eliminated by the ventriculograms, although a slight 
separation of the lateral ventricles in the anteroposterior view was noted. Ex- 
ploration revealed an angioma in the dura from which arteries and veins en- 
tered the premotor cortex. Another angioma in the callosal region w^as found 
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by needle puncture, which explained the separation of the vcnti'icles seen in the 
ventriculograms, and its leakage one year later explained the bizarre bilateral 
sj'mptoms. 

Coagulation of the dural angioma and its abnormal vessels to the cortex 
produced an extensive left cerebral edema which caused drowsiness, aphasia, 
and hemiplegia that was not affected by withdrawal of cerebrospinal fluid or 
intravenous medication of hypertonic solutions. Following a subtemporal de- 
compression, further withdrawal of spinal fluid, and particularly the admin- 
istration of hypertonic solutions intravenously led to a rapid improvement. As 
collateral circulation developed, the signs of an irritative lesion in tlie premotor 
area gradually subsided. Eleven years later she sliowed no residual neurologic 
signs and has had no seizures since operation. 



C.vsE 3.— J. E., male, aged 3% .vears, was admitted April 15, 1935. One year pre- 
Mously lie had spells of falling and becoming rigid. They were momentary and without loss 
of consciousness. If he were eating at the time he would drop the spoon and cup from his 
left hand.^ Since infancy he uas inclined to nse his left hand but was being trained to eat 
with his right hand. A slight stutter in his speech \sas noticed, with some hesitancy in his 
words. By November, 1934, he was having twenty to thirty attacks a day of falling for- 
ward, his face being flushed on arising, with dilated pupils. The seizures were more fre- 
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quently early in the morning. In February the x)U 3 \sical examination was negative. He was 
placed on a kctogenie diet and ’A gr- of phenobarbital twice dailj- wltich led to a marked 
diminution in the number of attacks and altered them to the extent fliat only nodding of 
the head was noticed. In March, however, the attacks of falling rec.urred and, on Axnii 2, ho 
had a convulsion in which ho fell unconscious with clonic movements of the liands. His speoeh 
was indistinct for a .Aiort while after this seizure. Phenobarbital was inci eased to IVi gt. 
dail.v. Tlie roentgenograms of tlie skull and gastrointestinal traet were negative. Ho 
ve.stibular responses to caloric tests weie found from the right vertical or horizontal canals, 
but there was vigorous response after douching tlic left ear. 


/ 

/ 



Fm. 6 (Case 3). — Opciatne exposure showinp abnorm.al Oural and cortical vasculantj' 
m nahC premotor region, the softened aiea; and the callosal angioma separating the haterai 
^ entricles. 
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Examination on April 15 showed a very restless child with a tendenej- to stutter and 
to hesitate on. simple words. He used both hands equally well. He sought his mother's hand 
in walking but when unsupported there was a tendency to throw out the left foot in a slow 
gait. Wliile being examined his face flushed and he fell forward, striking his head against 
the crib, but he immediately arose crying and rubbing his head. The eye grounds showed 
nothing abnormal. The reflexes on the left side, particularly in the log, were more active 
than on the right. Fanning of the loft toes appeared on stroking the sole and Hofl'mann’s 
sign was positive on the left. Tlie extremities had the same dermal toinporaturo. A lesion, 
probably vascular, was suspected in tlie right premotor area and encephalograms advised. 

Spinal air injection on April IG showed small ventricles with bilateral absence of oc- 
cipital horns. The subarachnoid channels did not deviate from normal. In .the antero- 
posterior view the body of the right ventricle was a little larger than tlie left, particularly in 
the roof, and the lateral ventricles were separated just back of the anterior horns (Fig. 5), 
an appearance much like the ventriculograms in Case 2. 

A diagnosis was made of vascular anomaly in the right premotor area, with a possible 
angioma in the callosal region separating the ventricles. 

A right craniotomy on April IS revealed the dura difficult to force from the inner table 
of the skull in the premotor region because of numerous branches of the middle meningeal 
artery entering the inner table. The bone was quite vascular along the longitudinal sinus. 
The abnormal, increased vascularity of the dura, however, did not extend into the cortex 
(Fig. 6). This portion of the dura wms coagulated and dcstroj-ed. There was slight sub- 
arachnoid laking with a softened area palpable in the premotor region about 2 cm. from 
the midline. Just posterior to this area were r.ather large veins which formed a loose network 
close to the longitudinal sinus. Some of these veins were coagulated without causing any 
marked distention of tlie adjacent veins. A ventricular needle, introduced anterior to the 
softened area, was passed toward the ventricle. Blood slowly welled out, then, slightly 
deeper, cerebrospinal fluid was obtained. The needle was withdrawn until blood appeared 
and then the stylet was inserted in an attempt to put brain tissue into the angioma, which 
was situatfed between the lateral ventricles (Fig. 6), The bone flap was replaced and a right 
subtemporal decompression made. 

The evening of the operation the patient’s condition was good with no hesitancy in talk- 
ing, or in the use of his left side, but the following day his speech was indistinct and hesitant. 
By the fourth day his speech was rapid and distinct. Slight twiteliings of both hands were 
noticed at this time and the reflexes remained unchanged. A left jacksonian seizure occurred 
April 22. Suggestive athetoid movements of both hands, but more frequently on the left, 
were seen from the fourth to the seventh day. No spasticity and no forced grasping were 
noted. 

In September, petit mal attacks became frequent with ataxia, increased reflexes on the 
right side, and bilateral Babinski and Chaddock signs. The decompression was full. An ex- 
tension of the midline angioma seemed to explain the signs but, on repetition of the en- 
cephalogi-ams, the same findings were obtained as before operation. Following this pro- 
ceduie the decompression became sunken and the spasticity and increased reflexes disappeared. 
The spells were less frequent, six occurring in three months, probably because he received 
gr. of plienobarbital daily. He accidentally took an overdose of barbital and died in June, 
1937, a little more than two years after operation. 

(JoyHiHC'iif, TliG iiiitisticil I'J’PG of seizures in tliis cliild of 3 yenrs, oecurring 
more frequently in the morning and associated with flushing' of the face, at 
times with con ti actions of the left Iiand and with transient .speech ditfleulty^, 
together with the findings of increased reflexes on the left, fanning of the toes, 
and a positive Hoffmann sign as well as separation of the lateral TCiitricles and 
slight dilatation of the roof of the right ventricle shown in the encephalograms, 
suggested the diagnosis of a vascular anomaly of the right premotor area with 
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a probable angioma in the callosal region. Tliis was confirmed at operation. A 
right sidjtemporal decompression seemed to make the convalescence smoother. 
However, transient aphasia, twitching of the fingers with athetoid movements, 
and a few left clonic seizures indicated that tlie cauterization of the dural vascu- 
larity and of several abnormal cortical veins, and the needling of the callosal 
angioma had disturbed the abnormal vascular balance. Some months later 
(as in Case 2) leakage from the callosal angioma gave signs of bilateral involve- 
ment. 



Fig. 7 (Case 4). — Operative exposure showing two groups (7 and 5) of large abnormal veins 

entering angiomas of the dura. 

C.\SE 4. — Iv. B., male, aged 13 years, was admitted in .Tidy, 1935. Two weeks after a 
severe blow on the head, in January, 1933, he had a nocturnal seizure beginning with a sensa- 
tion of a knife thrust in the rigid foot, followed by tonic contractions of the right ankle 
and knee, spreading up the right lower limb. During the attack he was pale and his feet 
were extremely cold. Three weeks after tlie sixth attack, in September, 1934, increased re- 
flexes on the right ■with a positive Babinski sign and fanning of the toes were found. When 
the patient was examined eight months later these signs had disappeared. 

A left craniotomy for a probable vascular anomaly was performed on July 5, 1935. 
Slight subarachnoid laking was seen, and a softened area was felt in the leg region. Two 
groups of large abnormal veins situated on either side of a small rolandio vein were seen to 
enter angiomas in the dura (Fig. 7), These vessels and the dural angiomas were coagulated 
and a subtemporal decompression made. 

A transient aphasia and a right hemiplegia disappeared by the tenth postoperative 
day. A report one year later stated that he was entirely well and markedly improved in dis- 
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position. In July, 3943, ton jesiis iiltcr opoiatiou, his sistei wrote that lie was “fine,” had 
ne-reT had a seizure since opoiation, and was seuni" oioi'-oas as a radio opciator in the United 

States Army. 

Commeni.— This vascuar anomaly oi' the premotor corte.x and dura, treated 
by coagulation, presented a fairly smooth convalc-seence ]3robably because of the 
subtemporal decompression. No seizures occurred during the ten years since 
operation. 

Cass 5. — E. AV., male, ased 5 re.iis. complaiiicd of di//iiiess and weakness since tiic ago 
of 3 jears. Sliortlj after the onset of the ataxic spells, he de\ eloped tonic flexor spasms of 
the light arm and wrist, as well as of the light face and leg. Tliese spasms were likely to 
occur after plajing oi at night while he was sleeping. On ex.uiiination the light side showed 
spasticity, forced grasping, and increased reflexes Ventriculogiaiiis leiealed slight sepaia- 
tion of the bodies of the hitei.il leiifiicle, so tli.it a diagnosis was made of a laseiilar anomaly 
in the left premotor area. 





Pig S (Case 5) — Photograph of exposed left pieniotor cortex, the pointer indicating wheie 
coitical Acsselb weie enteimg a dural angioma 

A left craniotomj was peifoimed on Aug 20, 1935. Alanj vasculai communication' 
from the pieraotor area entered a large duial angioma (indicated bj pointer in Eig. 8) 
These vessels and the angioma weie coagulated Histologic study of the dural angioma sliowec 
it to be composed of vascular channels filled w ith blood. A subtemporal decompression was 
made. 

A right spastic par.aljsis had cleared bj the tenth postopeartne day Two weeks latei 
tonic spasms recurred and still persisted two months after operation with the decompressior 
remaining full. AMien examined April 5^ 1937, one and one half jears after operation, be bac 
had no grand iiial attacks and had not taken anj pheiiobarbital The spasticity of the righi 
arm had disappeared two months after operation but when he was excited the right side oi 
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the face contracted slightly and at night a small contraction of the right fingers might 
occur. Jveurologic examination was negative. The last letter received (in Septcraher, 1937) 
reported him well and gaining in weight. The family has since moved and no further follow-up 
could he obtained. 

Qommeni . — The premotor syndrome in this lad was found to be caused 
by abnormal cortical vessels entering a dnval angioma. Coagulation of these 
vessels produced a temporary hemiplegia, but a .smooth convalc.scenee probably 
resulted from a .subtemporal decompression. The last re])ort, two years after 
operation, stated that he was well. 



C-VSE 6. — Miss F. H., aged 24 year.«, was seen iu May, 1931. An arrested hydrocephalus 
and a right torticollis had been present since childhood, possibly the effects of a difficult 
instrumental birth. 

Ulness at the time of admission dated from a fall in 1930, followed by weakness, heavi- 
ness, and awkwardness of the left arm and leg with, at times, dragging of the left foot. In 
1931 the left hand and forearm were cold and .opastie. Encephalograms showed a com- 
municating hydrocephalus. In 1935 she dragged both feet, and both knees and legs were 
slightly spastic. Eorced grasping in the left hand, and spasticity in the left wrist and 
elbow were demonstrated. Hyperactive reflexes, bilateral clonus, bilateral Babinski sign, and 
farming of the toes were found. Both feet and the left hand were cold. 

An irritative lesion in the right premotor area, probably a vascular anomaly extending 
over to the upper left premotor region, was diagnosed and a right craniotomy was performed 
on Jan. 16, 1936. 2vo subarachnoid laking was seen. A large abnormal vein in front of area 
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H ran from the cortex into the dura gome 3 cm. from tlie loiic;iludiiial siium. Silvt'r clips- 
were applied and the vein coagulated (Vein I, Fig. <)). The rohindic vein was composed of 
three to five branches starting in the tcmpoial region and uniting into a huge trunk in the 
leg area (ne.xt to Vein 5, Fig. 9). In front of the ear two large tortuous veins entered (ho 
dura where they formed small angiomas. All the anomalous veins weie coagulated, leaving 
only the rolandic vein. No subtemporal decompression was made. 

The day after operation, spasticitj’ was increa.sed on the left side but with no increase 
in weakness. Spasticity and coldness were maikod on the tliiid .'ind fourth days, but were 
gone by the ninth postoperative day. Five weeks later walking was improved, the lindis 
were warm, and spasticity and forced grasping were not demonstrated. Six months after 
operation pains developed in the loft aim and elbow whiidi became cold and sjiastie, with 
forced grasping and flexion contractures developing. In June, 1037, bilateral lumbar sympa- 
thetic block with alcohol warmed the lower limbs and slightly improved the sjiasticity of the 
lower extremities so that she could walk and climb stairs belter. No further reports have 
been obtained from this patient. 

Comment . — This girl liacl an arro.ste(l liydroccjilialu.s from hirlli. nceent 
left-sided premotor symptoms and sign.s led to e.xploralion and the coagulalion 
of numerous abnormal veins, witli only temporary relief. 



Fig. 10 (Case 7).— Photograpli of brain showing the left cortical atrophy 
and the compensatory dilatation of tiie left ventricle. 


in premotor area 


Case 7. — Miss M. L. N., aged 23 years, was admitted Doc. 7, 
seizures of two years’ duration. ’ 


1930, because of convulsive 


A congenitally deformed right foot prevented walking until the age of I years. Wien 
10 years old she struck her head on a rock. On examination five months after' the onset of 
seizures a diagnosis was made of Little’s disea.se and jacksonian epilepsy, and treatment 
started of phenobarbital and a ketogenic diet. 


The seizures began m April, 1934, with the right arm suddenly flexed, and with spasms 
of the right face spreading to the right leg. Occasionally the clonic seizures hecame Gen- 
eralized. The attacks were without aura and in some seizures she lost consciousness. 
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On examination the right foot was arched and everted, and the right leg was small 
and weak. The right arm was weak, with deformity of the fingers. The reflexes were hj-per- 
active on the right side with a questionably positive Babinski sign. 

Because of the Jacksonian seizures a left craniotomy was made on Dee. 12, 1936, at 
which time a cortical cyst was found in the parietal region. Anterior to the cyst the dura 
was adherent to the motor cortex. 'Wlieu the dura was freed a venous angioma was un- 
covered which was located, by stimulation, in the premotor arm and face areas. Several 
abnormal veins and the angioma were coagulated. 

Following operation no aphasia or weakness developed. In February, 1937, Jacksonian 
seizures recurred but they were reduced to one or two a year under phenobarbital medication 
of % gr. twice a day. 

In August, 1940, she attempted suicide with an overdose of phenobarbital and in Novem- 
ber, 1940, she developed a lung abscess and empyema, refused surgical drainage, and died 
Nov. 7, 1940. 

An autopsy showed multiple lung abscesses with empyema and a marked, localized uni- 
lateral left cerebral atrophy with compensatory dilatation of the left ventricle. The pre- 
motor area of the left frontal lobe particularly was ailcctcd (Fig. 10). Sections in this 
region showed a narrow zone of gray matter and beneath this were broad areas of glial 
tissue with scattered phagocytes containing granules of brown pigment. 

Comment . — A birth trauma produced changes in the right arm and leg. 
Jacksonian seizures developed later on the right side. A cortical cyst resulted 
apparently from the birth trauma, although adjacent to it a cortical venous an- 
gioma was found and coagulated. Seizures recurred after operation. Four 
years later, autopsy showed cortical atrophy in the left premotor area. 

Case 8. — W. C., male, aged 10 years, was admitted to the clinic in April, 1937. In 
1932, he had fallen a distance of eight feet, struck his head on a concrete sidewalk, and re- 
mained unconscious for several hours. Ho developed headaches, personality changes, and in- 
creasingly frequent and severe convulsions in which his eyes turned to the right, the right 
arm and leg drew up, and, finally, tonic contractions of all. extremities developed. Immedi- 
ately following a seizure the Babinski, Oppenheim, .and Gordon signs were positive on the 
right side but, at other times, the neurologic examination was negative. Memory loss and 
a personality change indicated by disagreeable, impulsive, unreasonable, and cruel reactions 
made him a behavior problem. Encephalograms showed a small filling defect in the middle 
of the body' of the left ventricle. Exploration seemed indicated because of an irritating 
lesion of the left motor cortex. 

Operation was performed April 13, 1937. The premotor cortex had soft areas with 
many capillary vessels entering large cavernous veins that extended toward the longitudinal 
sinus. All of these large veins were coagulated, leaving only the rolandic Vein. Recovery was 
rapid without hemiplegia, and he was dismissed April 21. On April 25 he fell from a swing, 
disrupting the craniotomy wound which became infected, later necessitating removal of the 
bone flap. He was entered in the State hospital for behavior disorders and convulsions, where 
he remained until January, 1938, when he returned home so improved that he entered high 
school. Only two seizures occurred from 1937 to 1940, under dilantin, 0.1 Gm. three times a 
day. However, in 1944 and in April, 1945, he was arrested for stealing. His seizures have 
been much less frequent than before operation. 

Comment . — This lad’s condition seemed to have originated from trauma, 
yet the large abnormal vessels, resembling a hemangioma, of the left premotor 
cortex did not appear to have resulted from scarring. 

Case 9. — J. C., male, aged 10 years, was admitted to the clinic June 23, 1937, because 
of convulsions involving the left side of the face and upper extremity for two years. 
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This patient liad been born two weeks prematurely and was a "blue baby" for several 

(Inys. 

Two and one-lialf years before entry bo struck bis bead on a rock. Six inontlis later the 
seizures started, usually at bedtime, witli clonic movements of the loft side of the face and 
neck occasionally progressing to the left arm. Encephalograms wore normal. A diagnosis of 
a probable vascular anomaly was made. 

Eight craniotomy on June 2(i, 1937, revealed a small dural angionm over tlie upper 
part oE the premotor area with cortical ve.ssels entering it. Tlic.se ves.sols and the angioma 
were coagulated. Palpation revealed a softened spot in tlic face area where a very large 
vein was also coagulated. 

From the time of operation until the last report in March, 1911, he had had no seizures. 

Com Riciif.— Jacksonian seizures of the left side in this boy were caused 
by a vascular anomaly of the dura and coUcx which was coagulated. He was 
normal with no convulsions during the four-year follow-up after operation. 

Ga.se 10. — Mr. A, C., aged 20 years, was admitted Aug. 14, 1938, because of con- 
vulsions that began at the age of 13 years. These seizures started in the right hand, pro- 
gressed up the forearm and arm, and then spread to the opposite arm. When the legs were 
involved in clonic contractions, consciousness was lost. Neurologic examination was negative 
except for sluggish mentalitj-, with a slow speech. 

A left craniotomy on Aug. 10, 1938, revealed numerous abnormal veins and arteries in 
the premotor area. On stimulation, these were found to be in the finger area. .Tust posterior 
to this vascular area a softened region, 2 cm. in diameter, was explored revealing a subcortical 
angioma, bluish in color, which blanched on pressure. A circumscribed coagulation gradually 
removed this angioma. The abnormal surface veins in the finger area were coagulated also. 
Patholo^c study of the excised angioma showed it to be honeycombed by small branching 
endothelial-lined channels which were filled with blood, indicating a plexiform hemangioma. 

Subsequent to operation, attacks without loss of consciousness occurred about once a 
month. During the war he worked as a stock clerk in a Naval Arsenal, the seizures being 
fairly well controlled b}*^ phenobarbital and dilantin. However, on the night of Sept. 1, 1945, 
he was found dead in bed, probably from a convulsion. 

Comment. — Apparently, this patient’s jacksonian seizures were caused by 
a cortical hemangioma in the premotor area. This was excised bj’’ coagulation. 
The convulsions after operation probably Avere initiated in the operative sear. 

Case 11.— D. 0., male, aged 12 years, entered the hospital in September, 1938. His 
mother had had generalized convulsions for twenty-five years, since the age of nineteen years. 
The patient ’s seizures began four months before entry, with an aura of numbness in the left 
forearm, followed by clonic movements of the left upper extremity. Neurologic examination 
was negative except for a positive Babinski sign on the left side. Encephalograms, Sep- 
tember 9, showed normal ventricles and subarachnoid channels, although roentgenograms in- 
dicated a rarefied region of the skull in the right hand area. A vascular anomaly was con- 
sidered and exploration advised. 

Eight craniotomy, Sept. 12, 1938, exposed a thin and bulging dura beneath the rarefied 
region of the skull. AVhen the dura was reflected the underlying cortex was raised irregularly 
nitli a few small cysts tliat were filled with either blood or dark brown material, suggesting 
a homangiomatous tumor. Stimulation showed this to be in the hand area. This vascular 
tumor, 5 cm. in diameter, was excised by coagulation and the bed carefully fulgurated. 
Pathologic studies revealed a cavernous hemangioma with large thin-walled, endothelial- 
lined spaces filled with red blood cells. ’ 

Left-sided weakness witli numbness developed after operatPon. By the end of October 
ho could walk alone and could use his left hand. His reflexes were increased on the left 
.‘•ido with a positive Hoffmann sign. The last examination, April 30, 1943, about five years 
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after operation, showed a weak left foot with unsu‘-taincd ankle clonus, and an awkward but 
usable hand. Ho had had no coniulsioiis since operation. Phenobarbit.al was discontinued 
two jears after operation. 

Comment . — This patient's jacksonian .seizures tvere caused bv a cortical 
hemangioma which was removed by coagulation. No convulsions have occurred 
since operation. lie was left with a slightly weak foot in dor.siflexion and a 
clumsy but usable left hand. 

C\SE 12. — Ml'-'- M D., aged 13 jear--, onteied the ho'-pital because of con\ulsions begin- 
ning at the age of 6 year's. An aura of iiuinbnc'-s and weakness in the left arm preceded 
the clonic seizure-- which started in the left uppei extreinitj. By May, 1939, weakness in 
the left arm and leg had dei eloped, gait was --lightly ataxic, with positive Boraberg sign 
and increased reflexes on the left side Bncephalogiains in January, 1939, were normal. 
Electroencephalography in .Tuh. 19.39. showed abnormal wa^es o\er the light motor area. 
Because of the long history ol seinirc-. a pieoperatne diagnosis of possible lascular anomaly 
was made. 

.V right craniotonn on Juli 11, 19 >9. showed slight subirachnoid hiking with a softened 
area winch, on stimulation, was found to be the arm area. The large vein which entered this 
area was coagulated. Two centimeters aboie the aim area two large and several small veins 
entered the cortex from a small dural angioma. These \eins and the angioma were coagulated. 

Two week.s after opciation the left hand was stdi weak. In September mild seizures, 
without clonus of the arm. recuired. In .Tanuari, 19-10. the seizures were frequent, and weiik- 
ne«s and awkwardness of the left aim returned. Encephalograms made in March. 1940, 
showed the body of the light icntncle a little larger and higher than the left. Bj January, 
1941, although still haiing con\ulsion«, the patient had much better use of the left upper 
extremity. 

In April, 1944^ the left hand was used almost a® well as tlie light. In the pievious 
fi\e months eight mild sei/uie- occurred imohing only the left upper extremity, and without 
loss of con=ciou«ne's .s-he was mariicd in 1944. It was reported in August, 1945, that she 
continued to lime an occasional mild seizuie while on a dosage of 1 gr. of phenobarbital three 
times a da\. 

Comment —X vascular anotualy in the premotor aiea was .suspected in this 
girl because of tlic long history of jacksoniaii seizures and the recent develop- 
ment of left-sided weakness Abuormal cortical veins from a dural angioma 
were coagulated, ilild lacksouiau seizures still pewsist, although the left-sided 
wealviiess has disappeared 

C\SE 13 — Miss R R , aged 18 jears, was admitted .Tulj 10, 1939, because of jacksoniaii 
seizures beginning with the onset of mcnstiuation at the age of 14 tears The etes rolled 
ujjward and to the right, then clonic seizuics started in the light spie of the face and spread 
to the light upper extiemiti and then to the light lower extremity, and often became geu 
eralized. Except for two oi tliiee attacks at each menstiual period, she was a normal, m 
telligent girl whose neurologic examination was nogatiic Electroencephalography gate abnor- 
mal wates without localization 

Left craniotomt. July 12, 1939, letcaled a slighth thickened dura and considerable 
subaracluioid laking In tlio aiea, identified bt stimulation, supplying the face a number of 
small vessels, niainlt artenes^ entered a depressed region in the cortex. These arteries and 
one large vein were cauteiized lit electiocoagulation transmitted through a small cotton 
pledget. 

Convalescence was smooth, with onlt a suggesfitc weakness of the right side of the 

fare. 

In August, 1939, a nett ttpe of seizure occurred on the opposite side, starting m the 
left side of the face with the left side of the body becoming rigid, while the right side re 
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mained flaccid. These new convulsions continued through Ifl-IO and 1941. In October, 1941, 
she deliberately became pregnant to cure her condition and iiad no seizures during tlie two 
months before a spontaneous abortion. 

She re-entered the ho.spital in March, 1942, and electroencoph.-ilography still sliowed 
diffuse delta activity. Encephalograms revealed poor filling of the body and anterior horn 
of the right ventricle, with this ventricle and the third ventricle 2)ushcd mm. to the left of 
the midline, suggesting a spacc-occuj)y>ng lesion in the right front ojiarietal region. 

A right craniotomy on March 11, 1942, exposed a normal appearing cortex. Four c.v- 
plorations with a ventricular needle were negiitivc. A .subtemporal decompression was made. 

A slight left paresis was present for two weeks and then disappeared gradually. Left- 
sided convulsions occurred oecasionallj’, but finally ceased in October, 194.1, and have not 
recurred for two years. She worked in a defense plant until her recent marriage, and she 
has taken, no phenobarbital since 1943. 

Exploration revealed tlie apparent can.se of tlie jacksonian 
seizures. Coagulation of alinornial vessels in the left area of tlie faee stopped 
these right-sided convulsions. Shortly after operation, iaeksonian attacks of 
the left side developed, and this condition led to a negative exploration of the 
right cerebrum three years later. The left jacksonian .seizures became infre- 
quent and have not occurred during the two years since Octobei’, 1943. 

Case 14. — Miss E. H., aged 15 years, was seen in December, 19.39, because of peculiar 
attacks of abdominal pain occurring usually at night. These attacks started after an otitis 
media at the age of 5 years and were described by her mother as causing the child to cry 
out that her abdomen hurt. She would try to reach the bathroom, but usually became con- 
fused and lost. IVhen she returned to bed the epigastric cramp might continue and she 
would have chewing motions of the mouth, and chilly, shaking limbs. She always urinated 
following an attack. The attacks became worse in the fall of 1939, five to twenty occurring 
in a month. Some were in the daytime, with a hot sensation, e.specially in the neck region, 
awkwardness of the left hand, and then an aching in the epigastrium which became cramp- 
like. Before an attack she was likely to have a voracious appetite. Following an attack 
she became pale and cold, and frequently had headache and nausea. Recently, with the 
epigastric pain, large white spots appeared on the left leg and disappeared when the pain 
ceased. 

In 1936 appendectomy was performed for the cramps, and a recent gastrointestinal 
series and gall bladder visualization proved normal. Phenobarbital and low fluid intake did 
not affect the attacks. The reflexes were increased on the left side, with awkwardness of the 
left hand and foot. 

Encephalograms in JIarch, 1940, .showed .slight compression of the lateral wall of the 
body of the right ventricle without any shifting of the ventricle. 

A right craniotomy on .Tune 3, 1940, revealed a cortex covered with abnormal arteries 
and veins. No sylvian artery was seen but there were many small arteries in this region. At 
the upper end of the .sylvian fissure, four large veins coalesced into a huge vein as it ap- 
proached the base of the brain. After a hiatus in the face area, .seven veins from the cortex 
e.xtended upward and forward to. the longitudinal sinus (lower left in Fig. 11). .Slight sub- 
arachnoid laking was noted, except in several areas where the brain felt soft. Since sub- 
cortical angiomas were suspected, two of these soft areas were explored through a small 
nasal speculum but no angiomas were encountered. A spider web of abnormal vessels, mainly 
veins, was coagulated directly in front of the hand area (center in Pig. 11), some 3 cm. 
anterior to the rolandic fissure. 

Epigastric pain and occasional spells continued until December, 1940. Then for one 
.vear she was free of attacks. In December, 1941, epigastric aching, with white areas on the 
left leg, returned, but the awkwardness of the left arm and leg was gone. In 1943 she had 
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Fig. 11 (Case H). — Pliotograiih of tho t.‘xi)osed right premotor region showing the 
spider web of abnormal vesscis in the center of tlie photograph located in the hand area, 
and the two groups of veins coursing forward to the longitudinal sinus. 



Fig. 12 (Case 15). — Operative exposure showing the large left cortical angioma that was 
coagulated two-thirds of the way around to stop pulsation. 
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cloven spells; in 1944, twenty-one spells; and in 1945, nineteen spells still characterized by 
crying out because of epigastric pain, “chilly” shaking of limbs, and urination. The white 
spots on the left leg have not appeared in the last two years. 

Oommcnt.—lliGse attacks of epigastric cramps, with chewing motions of llie 
mouth, and with white areas of skin appearing on the left leg, associated with 
increased reflexes on the left. side and clumsiness of the left extremities, in- 
dicated a right premotor lesion. Ahnormal cortical vascularity in front of tlie 
hand area was found and these vessels were coagulated. Improvement in the 
awkwardness of the left side and cessation of vasomotor blanching of the left 
leg followed operation. However, one or two mild spells a month of epigastric 
pain associated with shaking of limbs and urination occurred five and one-lialf 
years later. 

Case 15. — Mr. E. L., aged 24 years, was admitted in August, 19-10, with a history of 
three jacksonian seizures during the previous two months. The attacks began in the right 
arm, where a numb feeling ^Yas followed by uncontrolled clonic flexions of the right forearm, 
which spread to the other extremities, and unconsciousness. The neurologic examination was 
negative. lEoentgenograms showed the pineal body in normal position. Electroenceph- 
alography was reported normal but on review, after operation, prominent pulse waves wore 
found in the center and to the left in the parietal region. 

Left craniotomy on Aug. G, 1940, exposed an unusual nest of veins in front of the 
rolandio fissure (Fig. 12). This pulsating angioma was G cm. in diameter and was com- 
posed of veins fully 1 cm. in diameter with numerous small arteries entering from the frontal 
region. This mass of vessels was tied or clipped and coagulated for two-thirds of the waj- 
around until pulsation could not be palpated. The destruction was carried inward for 2 
cm. The angioma was not excised because it extended into the rolandic fissure and be- 
cause of considerable bleeding. Fifteen hundred cubic centimeters of blood were transfused. 

When the patient was dismissed, August 27, the right hemiplegia and motor aphasia 
were still present. By October, he could speak quite well and could move the right side, but 
could not walk well until the spring of 1941, at which time he could hold objects in the right 
fingers and hand. In September, 1941, when he returned to work in a service station, he had 
a slight limp and a spastic arm. 

He was examined last in May, 1943, and there was no evidence of aphasia. The right 
arm and hand were usable but awkward, and were cool. The right leg was strong with a slight 
outward- swing on walking. Phenobarbital, gr. three times a day, has kept the seizures 
down to one to three a year. 

Comment . — ^Although the large angioma which produced the jacksonian 
seizures was not removed completely by coagulation, apparently it has not re- 
curred, and the occasional seizures were attributed to reaction to scar tissue. 

SUMMARY 

This report of fifteen cases of premotor vascular anomalies causing jack- 
sonian epilepsy which were treated by coagulation of the vascular lesions during 
the six-year period, from 1935 to 194;!, indicates that the operative procedure 
was feasible and satisfactory. 

Nine of the fifteen patients had premotor signs. 

Six of the fifteen patients, besides having the cortical vascular anomalies, 
had one or more dural angiomas. 

Four of the fifteen patients had cortical angiomas or hemangiomas. 
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In tlu’ce of the fifteen patients callosal angiomas were proved by ventricu- 
lar needle puncture. 

In tlie.se three callosal angiomas the venlrienlograms showed a new sign of 
separation of the bodies of the ventricles. 

Coagulation of the abnormal ve.ssels frccpiently produced a ti’ansicnt hemi- 
plegia, until normal collateral vascular channels developed. 

Subtemporal decompression made a smoother convalescence if employed 
when there was evident disturlianee of cortical circulation re.sulting from co- 
agulation. 

Intravenous hypertonic solutions aided materially in overcoming the cere- 
bral edema that followed the disturbance of circulation incident to the operative 
coagulation. 

Two of the fifteen patients had only temporary relief from seizures, after 
operation. 

Seven of the fifteen patients had milder and less frequent attacks following 
operation. ' 

Six of the fifteen patients, or 40 per cent, had no seizures after operation. 
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THE IMPORTANCE OP AIR STUDIES IN A NEUROSURGICAL CIHNIC 
Gilbert Horrax, IM.D., Boston, I^Iass. 

(From the Department of Ncitrosurtjcrtj, the Lahey CUnic) 

T he introduction of ventriculography’ and of encephalography- by AValtcr 
E. Dandy in 191S and 1919, resiieclively, may bo said truly to have in- 
augurated a new era in the investigation of diseases within the skull. It is, in- 
deed, quite impossible to overemphasize the inqiortanee of these studies or to 
make anything like an accurate estimate of the lives they have saved or the dis- 
comforts they have relieved. If one considers air studies from the aspect of 
brain tumors alone, it is at once apparent how much this diagnostic measure has 
meant in the preservation of life. Before the era of ventriculography it was 
estimated variously that from 50 to 60 per cent of all brain tumors could be 
localized with sufficient accuracy to be disclosed at operation. By the use 
of air in the ventricles it has been possible to demonstrate the situation of 
practically all of the previously unloealizable 40 to 50 per cent of intracranial 
growths. This means that by this single diagnostic measure nearly one-half of 
the total numlier of patients suffering from brain tumors are capable of having 
the tumors found at operation, and since we Imow that roughly 50 per cent of 
all intracranial neoplasms are capable of complete removal once they have been 
disclosed, the importance of air injections in brain tumor surgery is at once 
apparent. 

It was perhaps quite natural that this type of investigation should have 
been taken up slowly by neurologic surgeons during the first few years after the 
announcement of the procedure had been made. This was due partly to the con- 
servatism which most surgeons felt in regard to what might be the effect of air 
within the brain, but also to the fact that early experiences in some clinics had 
been followed by severe reactions and an occasional death. It was soon appre- 
ciated, however, that if the operation for removal of the tumor was undertaken 
immediately following the air injeetion, these difficulties did not result.’*" With 
this fact established, the value and importance of Dandy’s discovery became 
manifest and with each succeeding year the employment of cerebral air studies 
increased enormously. Tlie purpose of the present coimnunication is to furnish 
an idea of the great usefvdness of such studies in a neurosurgical clinic during 
the course of a single year. 

At the Lahey Clinic from May 1, 1944, to April 30, 1945, a total of 429 cere- 
bral air studies was carried out. Of these, 323 were encephalograms and 106 
were ventriculograms. By ventriculography is meant the direct injection of air 
into the cerebral ventricles after making burr openings in the skull. Encephalog- 
raphy is the introduction of air (or oxygen) into the spinal subarachnoid space 
and tlience to tlie cerebral suliarachnoid spaces and ventricles by means of a 

*In the present series of 429 patients subjected to air study there were 3 deaths Two 
of Uiese occurred following encephalography in defective children with marked Internal hydro- 
r”,’, cerebral birth injury, and the other in a stuporous patient with brain tumor 

lollowlng ventriculography before the immediately planned craniotomy could be well started’ 
The total mortality, therefore, was 0.7 per cent. 

725 



724 


SURGERY 


In three of the fifteen patients callosal angiomas were proved by ventricxn 
lar needle pnnetnre. 

In these three eallosal angiomas the ventrienlograms showed a new sign of 
separation of the Imdies of the ventricles. 

Coagulation of the abnormal vessels frequently produced a transient hemi- 
plegia, until normal collateral vascular channels developed. 

Subtemporal decompression made a smoother convalescence if employed 
when there was evident disturbance of coidical circulation resulting from co- 
agulation. 

Intravenous hypertonic .solutions aided materially in overcoming the cere- 
bral edexna that followed the disturbance of circulation incident to the opei’ative 
coagulation. 

Two of the fifteen patients had only temporary relief from seizures, after 
operation. 

Seven of the fifteen patients had milder and less frequent attacks following 
operation. ' 

Six of the fifteen patients, or 40 per cent, had no seizures after operation. 
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Case 2. J. V. T., a 40-yoar-old man, was admitted to the New England Baptist Hospi- 

tal on Jan. 19, 1945. The chief complaints were headaches and dizziness. The former had 
become severe during the three months premous to admi.=sion, although the}’ had been pres- 
ent for two years. Dizziness had been noted at intervals for one year. 

Neurologically there were no positive findings other than bilateral papilledema of 2 
to 3 diopters. A ventriculogram was performed on Jan. 22, 1945, and this di.sclosed normal- 
sized ventricles which were in no way displaced. For this reason a right subtemporal decom- 
pression was carried out in order to relieve the pressure symptoms and choked disks. He 
was discharged on Jan. 31, 1945. On Oct. 9, 1945, he reported for the most recent checkup 
examination. The decompression area was soft and the fundi were within normal limits. 
He had had only occasional slight headaches, and had resumed his former job several months 
previousl}'. 

Comment. — This pUtient Tepresents a well-known class of individuals who 
have etddences of increased intracranial pressure and are suspected of having 
a brain tumor. The latter, however, can be ruled out only by demonstrating 
a normal ventricular system by the use of air. The underlying condition is 
probably an arachnoiditis or meningo-encephalitis. 

2. To Localize a Brain Tumor When Neurologic and Oihci‘‘ Data Gave No 
Indication of Its Site. — An excellent example of such a tumor is illustrated by 
Case 3. 

Case 3. — I. B., a 31-year-old married woman, was admitted to the New England 
Deaconess Hospital on May 4, 1944. She had complained of frontal headaches for nine 
months. These had been persistent until two weeks before admission when they had ceased. 
At times she had had mild nausea and periods of momentary blindness, but no other sub- 
jective symptoms. 

Neurologic examination disclosed bilateral choked disks of 4 diopters with considerable 
new tissue formation embedding blood vessels over the disks. Venous tortuosity and en- 
gorgement were marked. There was questionable weakness of the lower left side of the face 
and, curiously enough, some question of sensory loss throughout the whole right side. Visual 
fields were normal. 

On May 6, 1944, a ventriculogram showed displacement of both lateral and third ven- 
tricles to the left, with displacement backward of the right frontal horn as well. A right 
frontal craniotomy was perfonned the same day and an extensive soft glioma occupying the 
whole right frontal lobe and the anterior portion of the temporal lobe was radically but 
subtotally extirpated. Pathologically, the tumor proved to be a fibrillary astrocytoma. 

The patient made a good recovery and was discharged on May 27, 1944. She was very 
well and resumed all her usual activities for sixteen months, when she again began to have 
intracranial symptoms. She was reoperated upon on Nov. 21, 1945, and the recurrent growth 
once more cleaned out. She has made a good recovery from this secondary operation. 

3. To Locate the Site of a Tumor More Exactly, Even Though Certain 
Localizing Evidences Were Present or When False Localizing Signs Happened 
to Exist. The third point is an extremely important function of a ventriculo- 
gram. hlany patients tvith bi’ain tumors show certain neurologic features which 
localize the grotvth to some extent, such as slight wealaiess or sensory changes on 
one side of the body, homonymous visual field defects, or possiblj’’ cerebellar 
signs which are not conclusive. In these patients a good-sized exploration over 
the suspected region might disclose the tumor in a fair number of instances, 
but by the injection of air into the ventiaeles the exact area for the craniotomy 
can be ascertained and the operation, therefore, undertaken with assurance. In 
modern neurosurgei’y a negative exploration should almost never occur. 
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lumbar puncture. In general,- venlriculograins are preferred when there is 
evidence of increased intracranial pressure, whereas encephalography is used 
in conditions in which such pressure is not present. 

USES OP VENTRICULOGR.VPHY 

The 106 ventriculograms were carried out largely on patients in whom a 
brain tumor or brain abscess was suspected. In 72 instances a tumor* was dis- 
closed and in 3 the patients had abscesses. The remaining 31 patients had condi- 
tions such as increased intracranial pressure without tumor (arachnoiditis or 
encephalitis), cerebral vascular di.scase, intracerebral hemorrhage, and other 
infrequent lesions. 

For the most part, ventriculography was performed in order to get informa- 
tion on the following three points ; 

1. To Diagnose the Presence or Absence of a Brain Timor in Patients 
Having Choked Disks and Other Pressure Sgmptoms But No Localizing 
Signs . — Cases 1 and 2 are examples of the first point. 

Case 1. — E. La P., a 41-year-old ivoman, was admitted to the Kew England Deaconess 
Hospital on. Aug. 30, 1944, At the time of admission she was entirely disoriented and un- 
cooperative. Her chief complaint was “frontal headache” for an indefinite period, and her 
husband stated that during the past year she had become listless, neglectful of herself and 
her home, and her memory had become poor. 

Neurologic examination showed memorj- loss and disorientation as noted, together with 
.some drowsiness and inattention. There was slight weakness of the lower left side of the 
face, but otherwise the cranial nerves were normal, although the fundi showed some early 
edematous changes. She had slight questionable wealmess of the left arm and leg and the 
deep reflexes were greater on the left. A Inmbar puncture done elsewhere revealed a pres- 
sure of 260 mm. The chemical examination of the fluid was normal in all respects. Roent- 
genograms of the slvull showed some displacement of the pineal shadow downward and to 
the left according to one examiner, but this could not be confirmed by measurement. 

A ventriculogram was carried but on Sept. 0, 1944. This showed. the third ventricle 
displaced to the left, while the right lateral ventricle was displaced upward and outward. On 
the same day a right frontal craniotomy was performed and a deep, subcortical astrocj'toma 
was subtotally removed from the medial portion of the frontal lobe and from the lateral 
ventricle. 

Although the patient went through the operation in good condition she succumbed the 
following day to sudden respiratory failure. Necropsy revealed a chronic mitral and tricuspid 
endocarditis. 

Comment . — a frontal lobe tumor might have been suspected in this 
woman, such a localization -without air would have been entirely guesswork and 
even if the correct area had been explored, the tumor might never have been 
found. 

One patient (Case 2) had pressure sjunptoms and signs tvith no localizing 
evidence, and ivithout air studies it was impossible to tell whether or not a tumor 
was present. 

•During the year in question there were 12G brain tumors verified histologrically by ' 

tion. in 81 instances one or the other form of air study was used previous to operation 
triculo^ams 72; encephalograms 0). Air studies, therefore, were felt to be necessary m b-i.- 
per cent of subsequently verified intracranial growths. If one excludes 16 pituitary adeimma 
and 4 acoustic neuromas since they can almost always be diagnosed without air, the ngui 
rises to 76 per cent. 
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dilated lateral and third ventricles left no doubt as to the tumor’s location. In 
some patients with similar findings the growth might be located in tlic third 
ventricle or even in one of the frontal lobes, so that when there is any donlif at 
all an air study should always be instituted. 

A good illustration of the use of vcntrieulogra])hic evidence in the ])rcsence 
of what turned out to be false localizing .signs i.s shown by Ca.se 6. 

Case 6. — H. F. F., a 3S-yoai-old woman, wa.s admitted to tlio Kew England Fcnconc.'5S 
Hospital on Aug. 17, 1941. Slie had a hi.«torv of acute liendache.s and projectile vomiting, 
coming on some three weeks hefore admisi.sion. She had likewi.sc had occasional dizziness .and 
blurring of vision. 

Neurologic examination disclosed slow ny.stagmus to the right and left and early choked 
disks of 1 to 2 diopters. The other cranial nerves were negative. G.-iif was .somewhat un- 
steady and she swayed in the Romberg position but did not fall. Finger-to-nose tests showed 
slight ataxia, especially with the left hand. The deep reflexes were rather inactive and 
equal throughout. 

On Aug. 21, 1944, a ventriculogram showed the lateral and third ventricles displaced 
to the left, and the right lateral ventricle was dcprc.<).«ed in its posterior portion. A right 
parietal craniotomy was performed on the s.ame day and a partly cystic but largely solid fibril- 
lary astrocytoma was subtotally removed. The patient was discharged improved on Sept. 2, 
1944. 

Comment . — There is little doubt but that this patient would have had a 
cerebellar exploration if localization had been based solely on the neurologic 
findings, and of course no tumor would have been found. Ventriculography, 
therefore, was the only means of locating the growth. 


USES OP ENCEPHALOGRAPHY 


In patients who have no clinical evidence of increased intracranial pressure 
and in whom a brain tumor is not suspected we have used injections of air by 
the lumbar route for a wide variety of purposes. Occasionally an unsuspected 
intracranial neiv growth will be brought to light, and this was true in 9 in- 
stances among the 323 encephalograms performed during the period indicated. 
Perhaps one of the. greatest diagnostic functions of encephalography is to dis- 
tinguish between cerebral vascular disease and a possible tumor. Before the 
advent of air injections this problem arose in a large number of piatients who 
were seen particularly on the medical wards in consultation. In a high per- 
centage of individuals who came to necropsy a tumor was disclosed when the 
clinical diagnosis had been vascular disease. This error should almost never 
be made at the present time when the means of making a correct diagnosis are 
available by air insufflation. 

Detailed case reports to illustrate all of the increasing uses of encephalo- 
grams are unnecessary. The following list comprises the majority of the pi’ob- 
lems for which we have used this form of air study ; 

1. To distinguish cerebral vascular and degenerative disease from tumor. 

demonstrate the presence or absence of a localized lesion in epilepsy.* 
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3. To demonstrate the existence of an ohsUnctive or a communicating 
hydrocephalus in children. 

4. To demonstrate the presence or absence of a possible cerebellar or high 
cermcal lesion (such as Arnold-Chiari sjuidrome) in patients in whom multiple 
sclerosis or cerebrospinal degenerative disease is the probable diagnosis. 

5. To be sure that no possible intracranial surgical lesion exists in certain 
eases of presumed cerebral birth injuiy. 

6. To use as a therapeutic measure in post-traumatic headache. 

This latter function of encephalography deserves special mention. It was 
first utilized for this particular tjy)e of headache by Penfield^ who, in 1927, re- 
ported on seven patients who had been relieved by this means. Penfield empha- 
sized the importance of filling the subarachnoid spaces completely irrespective 
of whether the ventricles were filled. During tlic year which foi’ms the basis for 
this report we utilized lumbar air insufflations on twenty-two patients as a 
therapeutic measure for headaches following trauma. At the moment, figures 
are not available as to the percentage of cures effected, but it is my strong im- 
pression that roughly three out of every four patients were relieved. It is cer- 
tainly a most valuable aid in the treatment of this tjyje of s.\Tidrome which sel- 
dom can be alleviated by any other means. 

SUMMARY 

The introduction of intracranial mvestigation by the injection of air into 
the cerebral ventricles and subarachnoid spaces was an epoch-malcing advance in 
neurologic diagnosis. 

Examples of the value and extent of such studies in a neurosurgical clinic 
during the course of one year are summarized. 

The employment of air injections has made possible the diagnosis and 
operable approach to a vast number of intracranial lesions which would other- 
mse have remained undisclosed and therefore inoperable. 


REFERENCES 

1. Dandy, W. E.; Ventiicnlography EoUo-wing the Injection of Air Into the Cerebral Ven- 

tricles, Ann. Surg. 68: 5-11, 1918. 

2. Dandy, W. E.: Eontgenography of the Brain After the Injection of Air Into the Spinal 

Canal, Ann. Surg. 70: 397-403, 1919. 

3. Poppen, J. L., and Peacher, W. G.: Brain Tumors in the Presence of Normal Air 

Studies, S. Clin. N. America 23: 803-813, 1943. 

4. Penfield, "W.: Chronic Meningeal (Post-traumatic) Headache and Its Specific Treat- 

ment by Lumbar Air Insufflation: Encephalogiaphy, Surg., Gynec. & Obst. 45: 747- 
759, 1927. 



THE INNERVATION OF THE VEINS 

Its Role in Pain, Venospasm, and Collateral Circulation 

A. de Sousa Pereira, M.D., Oporto, Portugal 
(From ilie Department of Surgery, Oporto University Faculty of 2Icdieinc) 

R ecent investigations have shown that the nerves of veins, arteries, and 
lymphatic vessels involved in cancer are responsible- for innch of the 
paind For this reason a knowledge of the vascular innervation is a prerequisite 
for the treatment of pain in cancer by means of sjunpathclic operations. A 
review of the literature shows that the anatomic and physiologic studies to 
date have been chiefly eoneerned with the sympathetic innervation of the arteries, 
but the lymphatic vessels are intimalelj'- related to the wall of the blood vessels, 
and the 's 3 ’'mpathetie nerves of the veins are affected by the cancer. 

In phlebitis and thrombophlebitis the investigations of Lerielie and Kun- 
lin,=-2 and Oclisner and DeBakey^ have demonstrated that the sj-mpathetie 
venous innervation plaj^s an impoi-tant role in the pain and in tlie vasomotor 
disturbances that accompanj’’ this disease. This shows the importance of 
determining the role of the innervation of the veins in pain, venospasm, and 
collateral circulation. 

ANATOMICO-PHVSIOLOGIC FACTS CONCERNING THE INNERVATION OF THE TOINS 

The few data available suggest, as Kuntz^ has said, that the general plan 
of the distribution of the neiwe components obsen-ed in the arteries obtains like- 
wise in the veins. On the other hand, it is now admitted that the nerve supply 
, to the blood vessels, and among them the veins, in addition to the efferent vaso- 
motor components contains also afferent sensoiy patliways. The afferent fibers 
are components of the sensoiy cerebrospinal nerve roots but the extent of the 
distribution of such fibers and their relationship to other nerve components are 
not definitely known. 

The large veins of the thorax and abdomen are supplied with nerve fibers 
that arise in the autonomic nerves located near them. The proximal segment of 
the large veins of the limbs near the sjunpathetic chain receives its nerve supplj^ 
from the sympathetic ganglia and trunks located near them. But the peripheral 
vessels are supplied by sjunpathetic fibers which join them via the somatic nerves 
lying close to them (Kuntz® and Hirsch®). The sympathetic fibers running 
along the somatic nerves are distributed to the peripheral vessels at irregular 
intei'vals (Potts^). 

Prom patients in whom periarterial sympathectomy has been performed, 
some observations led a number of authors to a different conception of the 
innervation of the vessels. It is their belief that long nerve fibers probably 
arise in the aortic plexus and its branches or in the sjmipathetie chain and, 
passing along the adventitia of the peripheral arteries, play an important 
role in the innervation of the proximal and peripheral parts of these blood 
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showed the saphenous vein permeable all the lengtli of the leg in the region 
where the clinical signs of phlebitis were evident. Tlie pain disappeared after 
the novocain injection and the relief was maintained for a period of two hours. 
After this period the pain retunied but it was not so intense as before ; it was 
then complete^ relieved by a sympathetic block at the level of the third 
lumbar sympathetic, ganglion. In this case the intravenous injection of novocain 
relieved the pain temporarily and at the same time relieved tlie spasm of tlie 
saphenous vein (Pig. 1). 



A. B. 

Fig, 1. — Acute phlebitis of the right internal saphenous vein in B.S.C.. 60 years <^(1- 
Venographies performed before (A), and forty-five minutes after the intravenous anesthesia 
obtained by the injection of 15 c,c. of 1 per cent procaine hydrochloride into the lower extremity 
of the internal saphenous vein. In the second venography the venospasm shown at f in A dis- 
appeared and the saphenous vein is visualized in all its length through the leg (2) in B» 


In a second patient with acute thrombophlebitis of the right saphenous 
vein', also studied by the venographic method, the saphenous vein was im- 
permeable in aU its length through the leg. With 30 c.c. of novocain (1 per 
cent) I blocked the third lumbar sympathetic ganglion of the right side, and 
two hours later a second venographic study was made under exactly the same 
technical conditions as the first. Twelve minutes after the sympathetic block 
the spontaneous pain had disappeared and the relief was maintained for a period 
of twenty^-four hours. Then a slight painful sensation reappeared in the upper 
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segment oi the saplicnoiis vein ; this was entirely relieved by a second anesthetic 
block of the sympathetic chain. Two hours after the first sympatlictie block 
the patient was free from pain and the vcnographic study showed that the veno- 
spasm had disappeared and that the saphenous vein was permeable in the lower 
two-thirds of the leg. The upper third of the vein was obliterated. In this 
ease there was also an increase in the development of the venous collateral 
circulation. Tlic study of tins case shows that the pain and the venospasm ivere 
relieved by the anesthetic block of the lumbar .sympathetic chain. Moreover, the 
vasodilatation of the saphenous vein persisted after the anesthetic block of the 
sympathetic chain (Fig. 2) . 



A. B. 

, , . F>S. 2. — ^Acute E ' t’-'’ ■-•iperior third of the internal saphenous vein of the 

in J.A., 41 . I . i'l : ■:.;!■ was performed before and two hours after the 

block of f. ■ ■■■ ■■■ ■■ h! ‘ ■ ■ inelion. In the second venography it will be ob- 

venospasm (1,A) has disappeared and the saphenous vein is permeable in the 
lower two-thirds of the log (2,B). There is also -an increase in the collateral venous circulation. 

The results in the first patient show that anesthetization of the neiwe endings 
in the venous wall by the intravenous injection caused the disappearance of the 
venospasm and relieved the pain in the vein. In the second patient interruption 
of the sympathetic pathivays of the saphenous vein by anesthetizing the lumbar 
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chain was followed by relief of pain, more immediate and of longer duration. 
The venospasm also disappeared and the vasodilatation with increase in collateral 
circulation two hours after the sjunpathetic block persisted. These investigations 
demonstrate that the anesthesia of the nerve endings in the venous wall or of the 
afferent and efferent pathways in the lumbar sjunpathetic chain relieve pain and 
venospasm. And since the venous vasodilatation and the relief from pain lasted 
for a longer period than the action of the anesthetic, it seems logical to conclude 
that in these cases veno.spasm played a role in the mechanism of pain arising in 
the veins. 

The pathway of pain fibers arising in the veins is indicated by the relief 
obtained by blocking the sympathetic chain ; the afferent sensory fibers conduct- 
ing painful impulses from the wall of the veins traverse the sjunpathetic chain 
to reach the spinal cord. That sensory fibers may pass through the sympathetic 
chain to join the somatic rami of the spinal nerves was claimed by Forster,’® 
Kuntz and Farnsworth,’® and others, birt Burget and Livingston,” and Sloore 
and Singleton’® did not agree mth this. My investigations show that inter- 
ruption of the sympatlretic chain relieves the pain in phlebitis and thrombo- 
phlebitis. 


SYMPATHETIC IXNERVATIOX OF THE ^’EI^■S AKD VEXOSPASM 

A number of observatins support the view that the veins are innervated 
by vasomotor efferent fiber’s that corrtrol their tonus. De Takats,’® discussing 
the role of venospasm in thrombophlebitis, frequently found a firm, hard 
cord, palpable in the groin during the first few hours of thrombophlelritis : 
this disappears under heat and elevation. He also refer-red to the contraction 
of the cubital vein induced by a traumatizing venous puncture, and the presence 
of spasm of the adjoining venous segments in patients with varicose veins 
treated by injection. I have also observed several times a venous spasm follow- 
ing the mechanical or chemical stimulation of the inner’\'ation of the waU of 
the femoral, saphenous, and cubital veins. It is interesting that the intensity 
of the venospasm induced by stimulating the adventitia of the veins varies in 
different individuals. 

In 1938, Leriche,® suggested that phlebitis is dominated in its sjmp- 
tomatologj' and evolution by three factors ; venospasm, the extension of coagula- 
tion, and that of the arteriospasm. The venospa.sm that he regarded as constant, 
and also as being the cause of pain, favored the extension of blood coagulation 
by decreasing the velocity of the blood circulation. Thus, an obliterated vein 
is not only functionally suppressed but it behaves in an abnormal manner 
through stimulation of the nerves in the adventitia. Leriche believed an 
obliterated vein behaves exactly like, an oliliterated artery. A thrombosed 
vein originates vasoconstrictor reflexas in contiguous veins and arteries. Oelisner 
and his eo-workers'® have demonstrated experimentally that localized chemical 
endophlebitis results in marked arteriolar vasospasm. They found the mecha- 
nism in these cases to be the result of s^iunpathetic vasoconstrictor impulses 
that began in the involved venous segment. Oehsner concluded that these 
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reflexes are transmitled over the syinpalhclie system since sympatlieetoniy or 
anesthetic sympathetic block prevents these reflexes. 

The investigations of Keichert*' and Homan.s"" indicate that in thrombo- 
phlebitis the venous obstruction is in.suffieient to in-odiice tlie degree of edema 
that results from perivenous lyniphatic ob.sl ruction. Zimmermann and De 
Takatsy* however, concluded that the venous obstruction is the most im- 
portant factor and that lymphatic obstruction plays a minor role in the 
mechanism of throinbophlcliitie edema. From many experiments on tlic veins 
and lymphatics of dogs, Fontaine and F' have demonstrated tliat mechanical 
venous and Ijunpliatic obstruction is of .secondary importance. We have found 
that ligations, resections, or obliterations of the larger venous trunks and of their 
affluents, at the. level of the root, of a limb, cause only a transitory edema. We 
have dbseiwed also that when tlic lymphatics arc obliterated by .sclerosis in addi- 
tion to the venous obstructions, the postoperative edema is of longer duration. 
Since the edema disappears completely in these experiments we are led to con- 
clude, with Leriche, that neither the venous mechanical factor nor the lymphatic 
factor is enough to explain wholly the phlebitic edema. These facts and others 
that I have obseiwed in clinical cases of phlebitis lead me to accept the view 
held by Leriche, Oehsner, and DeBakey that the innervation of the veins plays 
the most important role in the s^nnptomatology and therapeutics of phlebitis. 

In order to investigate the effects of venospasm, Papper and Imler,®® made 
phlebographie studies of the veins of the lower extremity before and after 
anesthetic block of the lumbar s;^nnpathetie chain in three patient.s, the first 
with clinical chronic cellulitis of the right leg, the second with tlu'omboangiitis 
obliterans, and the third with chronic recurrent migratory phlebitis of the right 
great, saphenous vein. They confirmed the diagnosis of venospasm in these 
cases by blocking the lumbar s.vmpathetics; following this the venous deformity 
produced by the narrowing of the spasmodic vein was abolished. 

The investigations carried out by Dougherty and Homans’^® and Dos Santos^' 
on the roentgenographie visualization of the venous system provided an interest- 
ing method of studying the role of the vasomotor innemution of the veins. In 
patients with acute phlebitis or with tluumbophlebitis of the lower extremities, 
I have studied by this method the effects of interrupting the efferent vasomotor 
fibers on venospasm of the saphenous vein. 

The existence of venospasm associated with acute phlebitis or with thrombo- 
phlebitis is clearly demonstrated in the two cases already mentioned. In the 
first patient, who had acute phlebitis of the right saphenous vein, there were 
clinical signs of phlebitis in all the length of this vein at the level of the leg. 
The venographie study showed that this vein presented a diminished caliber 
in the middle third and was completely impermeable in the upper third of the 
leg (Pig. 1). Forty -five minutes after the injection of 15 e.e. of novocain 
at 1 per cent into the lower part of the saphenous vein, the spasm had com- 
pletely disappeared and the venographie study showed that it was uniformly 
patent throughout. The second patient had an acute thrombophlebitis of the 
right saphenous vein in the upper third of the leg. The venographie study 
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(Fig. 2) showed the vein to be totally occluded. Two hours after the third 
right sjTnpathetic ganglion had been blocked with procaine hydrochloride, the 
venospasm had disappeared and the saphenous vein showed obliteration only 
in the upper third and permeability in the lower two-thirds of the leg. These 
cases demonstrate clearly that acute phlebitis or thrombophlebitis may be ac- 
companied by venospasm and that this venospasm may be relieved by intravenous 
anesthesia of the inflamed vein or by the anesthetic blocking of the efferent 
vasomotor pathways in the sympathetic chain. 




A. B. 

Pig. 3. — ^Thrombophlebitis of the deep veins ot the right leg in A.L.C.. 22 yeap old. 
Venography performed before (A) and one month later (JS). after the treatment by eight anes- 
thetic blocks of the sympathetic lumbar chain, (second, third, and fourth lumbar nerves), loi' 
lowing this treatment, pain and the edema disappeared and the later venography showed an 
increase in the development of the collateral venous circulation. 


SYMPATHETIC INNERVATION OF THE TOINS AND COLLATERiVL VENOUS CIRCULATION 

Since the facts cited demonsti’ate the existence of a sympathetic efferent 
vasomotor inneiwation in the veins, it is important to know what part these 
nerves have to play in the development of collateral venous circulation. 

Experimental and clinical investigations conducted by several authors 
(Leriche,® Linton and White, Theis,^® and others) have shown that interruption 
by sympathectomy of the vasomotor nen'es of arteries increases the develop- 
ment of the arterial collateral circulation. My co-workers and have also 
verified these findings by experimental investigations on animals and have ar- 
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rived at the conclusion that the greater effect is obtaincd bj sect on oi bj block 
in^r the svnipathelic ganglionic chain. But tins conclusion is also c-vact so fax 
as concerns the influence of the vasomotor .sympathetic inncin^ation on the 
development of the collateral circulation of the lymphatic vessels. e ° ' 

served^ that if on dogs the femoral Ijnnphatic vessels arc interrupted liga- 
?um^Lthetic blodc or resection of the lumbar sympathetic chain increases 
the development of the collateral circulation of the l>miphatic vessels. 



A. 


B. 




Pig. 4. — Thrombophlebitis of the deep veins of left leg m A C . 32 ^ears old Venography 
performed before (A) and one month after the perivenous sympathectomj of the femoral and 
saphenous veins (B). In the second venograph) (B) there is marked increase in collateral 
venous circulation. 


Does the efferent vasomotor innervation of the veins exert a similar influence 
on the development of the collateral venous circulation? In approaching this 
problem I employed three different methods of interrupting the venous sym- 
pathetic innervation in patients Avith plilebitis or thrombophlebitis of the lower 
limbs. , 

Series 1 . — In four patients, two ivith acute phlebitis and two with thrombo- 
phlebitis of the lower limbs, repeated anesthetic bloelfs of the lumbar sympathetic 
chain (second, third, and fourth lumbar nerves) were performed. In these 
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cases the number of anesthetic blocks varied between four and tliirteen; they 
were made over a period of ten to thirty days. Venographic studios with 
iiroselectan were made bol'ore and at the end of the treatment. Tliey showed 
that the repeated anesthetic Ijlocks of the lum])ar sympathetic chain not only re- 
lieved the pain and modified the vasomotor disturbances but the collateral eircU' 
ation of the veins was increased (Fig. 3). ./• 


A. B. 

Pig. 5. — Thrombophlebitis of the deep veins of the left leg in E.C.. 47 years old. Venog- 
raphy performed before (A) and one month after the left lumbar sympathectomy (third and 
fourth lumbar nerves) (B). In the second \enography (B) there Is an increase in the collateral 
venous circulation in the lower third of the leg. 

Series 2 . — In two patients with thrombophlebitis of the veins of the legs, 
perivenous sympathectomy of the femoral vein was performed. Below the crural 
arcade the femoral vein was approached and the perivenous innervation was 
interrupted for a length of two inches. The innervation was also interrupted in 
the terminus of the saphenous vein. The operation was followed by relief from 
pain and amelioration of the vasomotor disturbances. The veins of the legs in 
these two patients were studied before and one month after the operation; 
visualization by x-rays showed a definite increase in the eollatex’al venous circula- 
tion (Pig. 4). 
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Series 5.— Finally, in two patients with llirombophlebilis of Ibe veins of tlie 
loAver limbs the lumbar sympathetic chain was inleiTiiplccl, the Ihircl and fourth 
sympathetic ganglia and the intermediate trunk being resected. A manifest 
improvement followed the operation in each ease. Venograpliic studies one 
month later showed in each a definite increase in the venous collateral circula- 
tion (Fig. 5). 

In these three series of patients with phlebitis or tlirombophlebitis, inter- 
ruption of the efferent vasomotor innervation of tlie veins of the lower extremities 
by repeated anesthetic blocks of the lumbar syin])athctic chain, perivenous sym- 
pathectomy, or lumbar ganglionic (third and fourth lumbar neiwes) sym- 
pathectomj’ was followed by an evident increase in the venous collateral circula- 
tion. 

SUMMARY AND CONCLUSIONS 

1. The veins are innervated bj"^ afferent sensoiy and efferent vasomotor 
pathways. Direct mechanical or chemical stimulation of the afferent pathways 
at the level of the wall of the veins may cause pain. The relief of venous pain 
and venospasm in acute phlebitis and thrombophlebitis by intravenous anes- 
thesia of the inflamed vein or, by the anesthetic block of the sympathetic chain, 
for a period longer than the anesthetic action of the drug employed, suggests 
that venospasm may play an important role in the mechanism of pain. 

2. The observations in these eases demonstrate also that acute phlebitis or 
thrombophlebitis may he accompanied by venospasm extending far beyond the 
phlebitic or thrombosed vein. This venospasm may be relieved by peripheral 
anesthesia of the venous wall or by interruption of the efferent pathways of the 
S5"mpathetic chain. , 

3. In cases of thrombophlebitis it was observed that repeated anesthetic 
blocks of the sympathetic chain with procaine hydrochloride, perivenous sym- 
pathectomy, or resection of the regional sjonpathetic chain was followed by an in- 
crease in the collateral venous circulation. 

4. These investigations have demonstrated that physiologic or anatomic 
interruption of the innervation of the veins may relieve the pain and the 
venospasm, and it also increases the development of collateral circulation.’ 

5. The facts observed suggest that the plan of the innervation of the veins 
in relation to pain, spasm and collateral circulation is similar to that of the 
afferent sensory and the efferent vasomotor pathways of the arteries. 
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THE PBACTICE OF SURGERY IN JAPANESE PRISON CAMP 
HOSPITALS IN BURMA AND SIAi\I 

A. E. Coates, M.D., M.S., jMelboukjje, Australu 

T N THIS paper an attempt will be made to record briellj' tlie diagnostic and 
1 therapeutic methods adopted bj’ the surgical staff in the primitive so-ealled 
hospitals of the Japanese Prison Camps in 1942-1945. 

I was the senior medical officer and surgeon in charge of 1,800 United 
Kingdom, Australian, Dutch, and American prisoner of war patients at Kohn 
Kuhn, an abandoned w'orking camp, Burma, in 1943, and chief medical officer 
and consulting surgeon at the prisoner of war hospital camp of 8,000 patients 
at Nakampaton, Siam, in 1944-1945. The Japanese medical officer confined his 
activities to discharging men for work. The Burma-Siam Railway was under 
construction and the Japanese were forcing the pace. Every prisoner who 
could work or even walk was compelled to do his utmost. The diet was meager — 
rice in sufficient quantities and polished, but meat supplied in amounts varying 
from 1 to 2 ounces per man per day. Vegetables were of the cucumber-radish- 
spinach variety. Protein deficiency was marked. 

Pell<igra . — ^Pellagra was responsible for many deaths. 

Patients were admitted to the jungle camp hospital in all stages of debility. 
Sore mouth, fissured tongue, sore pharynx, anorexia, and diarrhea Avere common. 
Skin rashes of the pellagrous type were seen in a few. Mental changes occurred 
in a small number. Post-mortem examination revealed in all the shrunken 
organs, spleen, liver, and heart, and a “diaphanous” bowel, a small, thin-walled 
stomach and intestine, so-called “rabbit gut,” and in some a shrunken brain 
with secondary hydrocephalus and convolutional atrophy. 

Malaria was universal and quinine, tlie only drug supplied by the Japanese, 
was provided for 300 patients, that is, those patients admitted with malaria as 
the primary disease. One disease was permitted by the Japanese Medical 
Service, hence the patients with pellagra, dysentery, and tropical ulcer were 
“not allowed to have malaria” by order of the Japanese. 

No treatment was available for the patients with pellagra. Pood was 
insufficient and nicotinic acid, even if available, would not have cured them, 
as the changes in many Avere obAuously irreversible. 

Dysenteiy AV’as not the scourge it A\'as in some camps. Hygiene Avas rea- 
sonably good. A hut of 100 Avas labeled “tlie death house” and to it Avere 
taken patients Avith infectious diseases (bacillary and amebic). Some died 
folloAving perforation of the colon ; others dcA'eloped masses, especially in the 
right illiae fossa ; and still others sloughed great casts of the colon and rectum 
before they died. My death reports, which the Japanese ahvays insisted should 
be AATitten in detail, "were condemned by the Japanese doctor at headquarters 
because I used the term amebic dysentery. It was forbidden ; the word diarrhea 
had to be substituted. After protests and much correspondence, folloAved by A 
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visit from a Japanese Lieutenant Colonel, it -was admitted that a clinical diag- 
nosis of amebic dj’senteiy in tlie absence of microscopic findings -^vould be ac- 
cepted and apologies ^vere olfered that there was no Japanese supply of emetine. 
A colleague procured for me in another Japanese ,eamp, a bottle of ipecacuanlia 
extract from -which a Dutch officer, Avho acted as one of my medical orderlies, 
extracted 150 1 gr. doses of emetine. A short course of five in.-iections of this 
homemade alkaloid was given to fifty i)atients Avith Avonderful results. 

I, personalty, having suffered fx-om amebic dysentery can speak feelingly 
of the dramatic effect of emetine. j\Iany of the patients had ulcers in the 
rectum, and a proctoscope made fi’om tin Avas constructed Avhich enabled me 
to obtain a good vieAv of the Avhole rectum Avhen the patient Avas placed in the 
knee-elbow position. Sunlight reflected by a mirror illuminated the interior 
of the rectum and much information eoneeiming the progress of tlie lesions aaus 
gained from regular rectal inspeetioxis. Ulceration and neero-sis of the “valves” 
Avas common and iix some Avas folloAvcd Ixy strictxire. Dilatatioxx by bamboo 
dilators AA’as practiced axxd succeeded iix most; colostomy AA-as i-equii’ed in one 
patiexxt because of obstruction. This patient Avas later, at Nakompaton, sub- 
jected to a Kraske type of resection of the local filu’osed I’eetxxm Avith excellent 
results. 

Ulcer . — Ulcer of the leg and occasionally of the hand, arm, and body 
occurred ixx great numbers. In that camp 500 cases Avere classified as tropical 
ulcer. At least sixty patients had ulcers on both legs, some had tAA'o or more 
vxlcers on one leg. The term tropical ulcer A\-as used for this condition, but as 
my Dutch colleague pointed out, the ulcers did not conform to the type com- 
monly seexi in the tropics and knoAvn by that name. 

Until May, 1943, I had tx-cated some huxidreds of ulcers of the leg in 
prisoners of Avar in Sumatra and Burma. Thej' Avere the usxxal circular xxlcer 
from 1 to 5 cm. in AAudth, circular, having a sloxxghing base on the fascia. 

Foments, curettage, and iodofox’m and bandaging for sevex-al days Avere 
xxsualty suflScient to bring about healing. There Avei'e maxxy in the 500 previously 
mentioned Avhieh Avere of the xxsual type, bxxt manj^ foIloAved a more malignant 
course. Spreading peiapherally, exuding the fascia, periosteum, and even blood 
-vessels, they enveloped the leg, leaving muscle and bone exposed. Black 
liecrotic areas of fascias and tendons AA'ere excised. An attack of malaria or an 
exacerbation of pellagrous diari-hea Avas accompanied by a rapid spread of the 
ulcer. The usual methods of curettage, foments, etc., failed. Iodoform Avas not 
available. Where the process inAulved tendons and muscle, I’adical excision of 
those structures was carried out — even the tendo aehillis Avere excised in a 
mxmber of patients, the tibialis anterior, posterioi’, and the peroneal tendons Avere 
often eixt out. Altogether sixty patients Avere tx'eated in that fashion. Many 
recoA'ered, the leg Avas saved, and sux'px’isingly little loss of fxxnetion resulted. 
Despite these measxxres, axxd all attempts at coxxservatism, the process in many 
spread up the periosteum of the tibia, opened the ankle joint, or caused such 
widespread gangrene of mxiscles that amputation Avas done. • The mid-tlxigh 
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amputation was performed in most ; Iwcnty-fivc amputations were done below 
tlie Imee. 

Fortunatelj’, I bad a bottle of cocaine tablets in my ])Ossossion and as no 
general anestbetie or novocain was available I expcri.mcnted witli spinal cocaine, 
One and one-balf cubic centimeters of a 2 per cent solution sufficed to produce 
anestbesia to tbe groin and in most cases did not paralyze, so Ibat tbe patient 
cooperated with tbe surgeons in tbe operation. 

In that camp 120 legs were removed. All patients survived operations but 
many died months later of pellagra, malaria, or dysentery. Tbe survivors num- 
ber 50 per cent but they slowly made progre.ss and are among tbe most, grateful' 
patients one could ever have. 

Manj^ problems confronted us in the camp. No facilities for operating were 
provided or, indeed, allowed. The abandoned bamboo huts of tbe former work- 
ing camp provided tbe accommodation and a small annexe to a but, open to thd 
four winds of heaven on three sides, was the operating theater. A bamboo table 
was set up; towels and odds and ends of clothing were boiled up as dressings. 
No antisepties were available, but we overcame this difficulty by using homemade 
rice alcohol. This was prepared in 90 per cent strengtl) from tbe .scraps of rice 
thrown away by tbe pellagrous patients. There was plenty of it. A small 
quantity of soap was obtained from tlie Japanese and this was supplemented 
by soap made locally from scraps of fat and ashes. 

Catgut was necessary as I was afraid to nse nonabsoi’bable ligatures for 
the femoral artery, in tbe presence of so much sepsis. Cotton was used for 
skin suture. 

The catgut was prepared under my instructions from tlie peritoneum of 
the small intestine of tbe local ox, killed for food (tbe submucous coat 
proved too fragile). Strips of peritoneum were twisted on a stick and my 
medical orderlies became expert at it. Sterilization of tlie catgut was done by 
placing it in a tin in the rice oven, after tbe fires were raked out. After this 
was repeated for sport killing tlie gut was stored in the alcohol mentioned, 
previously. 

A reliable ligature was thus made which was used not only for arteries’ 
but also for suturing the abdominal wall in a few patients who came to immediate 
operation. A better method of sterilizing gut was later devised, that is, sus- 
pending a tin of the wound gut in another tin of boiling saturated salt water 
for one hour at a time. 

A few cases of secondary hemorrhage occurred at the stump and in view 
of this risk, in patients being transported to Siam when the camp was clearing, 
I ligatured the femoral artery in Scarpa’s Triangle as well. Amputation was 
circular with short flaps sutured anteroposteriorly in some— in others, loosely 
held together by one or two sutures because of sepsis. 

The absence of piis formation was an outstanding feature in the cases 
mentioned. Toward the end of 1943 I organized an underground Supply of 
meat to the sick, paying recovered patients of the more daring type to bring 
in cattle from the neighboring villages to the precincts' of the camp and killing 



746 


SURGERY 


at night. This wa.s clone in defiance of the Japs and under the nose of the 
guards. The effect of the extra meat was soon obvious: large ulcers began 
to suppurate, exposed bone became a sequestrum, and the limb was saved. Some 
of these patients were later operated on, the sequestrum in some cases being 
three-quarters the length of the tibia and the complete anterior half of the 
tibia being successfully removed. A single one sustained a fracture in the 
remaining involuerum, but union occurred in lime. 

In my daily visits to these patients with severe ulcers (I could sec only 
seventy or eighty in a morning) how I welcomed a little pus and how encouraged 
■the patient was when the dreadful pains of necrosis and ischemia gave way to 
inflammation with its local sequelae. 

No microscopic examination of the discharge, which was usually thin and 
watery, was possible. In a few eases the miiscles in the amputated limb were 
brick red in color suggesting an anerobe, but there was only one case of fulmi- 
nating infection simulating gas gangrene and that in a medical orderlj' in 
the ulcer hut, who scratched the back of his hand on the bamboo bed of a 
patient with ulcer. Amputation of the right arm was ncce.ssary. The usual 
historj’^ was of a scratch by bamboo or stone, the abrasion failing to heal and 
spreading as an ulcer. Tlie edges were necrotic Avith a tendency to undermin- 
ing. The base was a slouch, sometimes black and adherent, at other times soft 
and exuberant. 

Nutritional Edema . — Nutritional edema was common, often called beriberi, 
especially for the records of the JaiAancse Avho actually understood that term. 

Ascites, pleural effusions, edema, of limbs, and finally fatal edema of lungs 
and glottis occurred in some. Should the patient survive the edematous stage 
the fluid usually drained away and he died an emaciated skeleton. Meat and 
restricted fluids Avere the treatment, but only in the later stages at this camp 
Avas this feasible, and then many Avere past help. 

Limbless men Avere provided Avith a light bamboo pylon and crutches (camp 
made). About 300 patients died in this camp in six months. The residual sick, 
together Avith similar patients from camps elseAvhere along the raihvay, AA'ere 
transported by train to a ncAvly constructed sick depot at Nakompaton, 45 
kilometers from Bangkok. 

.SUMMAKY 

As chief medical officer and consulting surgeon at this “hospital” AA'hich 
accommodated 8,000 sick prisoners of A\’ar at one time I continued to AA^ork from 
January, 1944, to August, 1945. The majority of the cases AA-ere medical, for 
example, 1,500 chronic dysentery (mostlj' amebic), 1,100 avitaminosis, 1,200 
surgical, the remainder skin, permanent disalrilities such as amputations, and 
convalescents. The conditions in this camp AA'ere better than anything we had 
experienced in the jungle, Inrt Avere far beloAv the standards of most primitive 
European hospitals. There Avere no beds or beddirrg, and no specific drugs 
except quinine. Improvisation of instruments and operating equipment con- 
tinued on a large scale, but the arriA-al of American Red Cross stores including 
some emetine and the sulfa drags in July, 1944, relieved the situation. This 
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Supply formed the basis of our dispensary stock ; surgical instruments so sup- 
plied were retained by' the Japanese. Operating was done with naked bands, 
scrubbing up in dishes with soap, and then immersion in camp-made 90 per cent 
alcohol. British, Dutch, and Australian surgeons worked as a team. A con- 
crete floor and fly wire were provided in a special hut for tlie operating theater. 
Great attention was paid to detail of hemostatis and antisepsis (each layer in 
a hernia or appendix operation was painted with alcoliol before closing). In 
120 patients with herniotomy only two developed a mild sepsis. The soldering 
iron was used as cautery in mouth, neck, rectal, and pelvic operations. Silver 
clips made from beaten forlis and fine cotton were freely used as hemostats. 
Homemade catgut was used for abdominal suture and ligature of large vessels. 
Nearly 1,000 major operations were performed. Patients with peptic ulcer 
were regularly “milked" for acid which was used for patients suffering from 
hypoehlorliydria. 

Spinal anesthesia^' and local anesthesia were employed almost exclusivel 3 L 

Fifteen hundred transfusions of defibrinated blood were given to debilitated 
and anemic patients. Cross tj^ping was carried out in tlie usual waj'. 

Sequestrectomj^ and skin grafting of old ulcers was done extensively. 

Patients with chronic colon infection despaired of by the phj'sicians were 
submitted to ileostomy. Physiotherapy and rehabilitation were important 
activities in 1944-1945. One hundred seventy-eiglit limbless men were fitted 
with camp-made wooden artificial limbs. 

Pull details of the surgical work have been recorded in the Official War 
- Diary of the camp, copies of which have been supplied to the medical directors 
of the respective nations. 

Naturally, in the absence of x-ray and other diagnostic' equipment, surgeons 
were forced to rely on the case history and the pliysical findings. The eyes, 
fingers, and other senses were excercised more freely. Such an enforced return 
to fundamental methods was not without compensation. Analyses of post- 
mortem results, and discussions at “death" meetings had a salutary effect and 
indicated that diagnosis was not so frequently in error as might be imagined. 

In March, 1945, the Japanese prohibited post-mortem examinations for 
obvious reasons. 


The technical work in the surgical field was of a good standard and great credit is due 
to the surgeons. Lieutenant Colonel Dunlop (A.A.M.C.), Major Kranz (A AM O') Cantnin 
Maconac.hie (R.A.M.C.),. Captain Winckel (D.A.M.C.) : to' Captlin mSSowIm (mA.M.C^bio^ 
I^unsfi^ion officer and biochemist), Captain Cyril Vardy fn.A.M.C., my adjutant and registrar) 
Major T. Marsden (R.A.M.C., pathologist). Doctors Chapman and Kostermanns, scientists: and 
colleagues of the Triumvirate of Control, Lieutenant Colonel Malcolm (O B E M C 
R.A.M.C.), and Lieutenant ^lonel Larsen (D.A.M.C.), and to the many medical orde'flies* of 

NaLSi^^?o"^''lmo5?r%?'()K? department of th°e 


•Cutocaine, American Red Cross. 



CEREBRAL FUNGUS FOLLOWING PENETRATING WOUNDS 


CoLOXEL Eldridge H. C.uiPBELL, Jr., axd jMajor John Martik, 
Medical Corps, Army of the United States 

A REVIEW of 426 eases of penelraling ivounds of tlie head personally 
studied in two neurosurgieal centers revealed 32 instances of cerebral 
fungus. The incidence was thus 7.5 per cent. All of the patients were battle 
casualties, having been injured in the Slediterranean Theater of Operations 
during the period of November, 1942, to February, 1945. As in the vast 
majority of that 20 per cent of this particular series of brain wounds in which 
deep infections developed, the organisms were of relatively low virulence.^ 
Cerebral fungus is a subacute or chronic herniation of the brain through a 
defect in dura, skull, and scalp, accompanied by infection, deep or superficial, 
or both. In chronic infected heimias progressive organization of the extruded 
and superficial portions into sear tissue is usually evident. The exact time of 
transition from cerebral herniation (the acute pliase) to that in which a fungus 
may be said to exist depends, in our definition, upon these tissue changes. Gross 
evidence of such processes characteristic of fungus has usually begun to appear 
at the end of seventy-two hours. Cerebral fungus formation is one of the more 
serious complications of any craniotomy, but it is by no means a hopeless or 
necessarily a fatal one.-'' It is regarded as the result of failure of wound healing 
in the presence of infection ; tlius, while the fungus per se may require excision, 
attention must be directed primarily toward the diagnosis and elimination of 
such underlying causative factore as cerebral abscess or hematoma. 

While the severity of the infection, the extent of tissue loss or damage, the 
size of the bone-dura aperture, and the state of the fimgus were different in 
each patient, study of their causes and characteristics permits classification into 
two fairly distinct groups. In the first are included those cases in which the 
eerebritis was only superficial ; bone or shell fragments might or might not have 
been retained. Intracranial pressure was normal or but moderately elevated. 
These we have termed “benign” fungi. Into the second group feU those cases 
in which local eerebi’itis, similar to that mentioned, was associated with, and 
increased by, cerebral abscess, hematoma, or a mass of necrotic brain tissue. 
In patients with abscess formation, i-etained bone chips or metallic foreign bodies 
could usually be demonstrated roentgenographically. There was always an 
increase in the intracranial pressure which was often progressive, and the growth 
of the fungus was relatively rapid. This type we have called “malignant” 
fungus. 

benign fungus 

Of this group of thirty -two patients vith cerebral fungi, thirteen fell into 
the benign category. In each there was a superficial wound infection in the 
presence of an open dura mater. The protrusions grew slowly, they were not 
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shaggy nor sloughing, and they did not bleed easily. Thei’e were no symptoms 
suggestive of a high intracranial pressure, and neurologic evidence of extension 
of the process deep within the cerebrum was Inching, llclaincd bone chips wei*c 
demonstrated in but four patients. These rvcrc removed at subsequent opera- 
tion in three instances; neither abscess nor hematoma was found. The fourth 
patient was evacuated without operation because of the urgency of the military 
situation. A fifth individual was operated upon primarily for the excision of 
a fungus the size of a golf ball. This was found to be undergoing fibrosis and 
organization, and in retrospect it appeared likely that healing Avould have 
followed Just as well had no operation been performed. Systemic but not local 
sulfonamide and/or penicillin therapy was practiced routinely in all cases. No 
patients were treated routinely by lumbar puncture; all hernias receded wdth 
eventual disappearance of the superficial infection, and with closure eitlior 
spontaneously or surgically of the scalp defect. There were no deaths in this 
group. 

A typical example of a benign fungus and its course is sc.cn in Case 1. 

Case 1. — A soldier sustained a 4 cm. penetrating shell fragment wound of the vertex, 
to the left of the midline, in action in the Salerno landing, Sept. 9, 1043, There was a 
compound, comminuted, depressed fracture with a few indriven bone fragments. Eight 
liemiparesis with motor aphasia was present. He was operated upon at an evacuation 
hospital twenty-four hours after injurj-, at which time scalp, bone, and cerebral portions of 
the wound were ddbrided with the removal of an estimated 7 Gm. of pulped brain. The dura 
was sutured, and the tripod incision of tho scalp was closed without drainage. On Sept. 21, 
1943, at a general hospital, the wound was noted to have become infected. By Sept. 25, 
1943, a separation was present centrally with a small fungus presenting. A few small bone 
fragments were demonstrated by roentgenograms to be present in the extracerebral portion 
of the wound- Since there was no evidence of abscess or of sharply increased intracranial 
pressure, and since the hemiparesis was not increasing, no operation ^Yas undertaken. As the 
local infection cleared, the fungus receded and healing occurred satisfactorily. At no time 
while under observation was he critically ill, and he retunied to the Zone of the Interior 
in good condition. 

The forerunner of the fungus in this instance was the breakdown of the 
wound, superficial infection, and local eerebritis, together Avith a temporarily 
and moderately increased intracranial pressure. The latter slowly subsided with 
healing of the wound, thus making this fungus a self-limited complication. 

Two patients entered the hospital six days after having been injured. 
Sept. 9, 1943, in the Salerno landing. Neither had been operated upon and 
the original dressings Avere still in place. Both patients had fungus formation, 
and the folloAving brief record of one of them is illustrative of this particulm- 
type* of benign fungus : 

Case 2.— The patient was injured by shell fragments which guttered the left posterior 
parietal area, leaving a bone defect 2,5 by 3.5 cm. hfany boue fragments were deeply indriven, 
and a few small metallic foreign bodies remained in the superficial layers of the brain. On 
arrival at the Head Center six days later there was a solid fnngus filling the Bealp defect, 
approximately 2.5 cm. in diameter. It was clean, firm, pulsating, and not hemorrhagic. There 
was no cerebrospinal fluid leak. A complete right homonymous hemianopsia was present. The 
patient was dull, passive, and aphasie to a marked degree in several spheres, but had no 
motor weakness. There was papilledema of 3 diopters. At operation on the same day the 



750 


SURGERY 


scalp edges were excised, the bone edges freshened, and the tract ddbrided and cleansed of 
bone chips, hair, dirt, pnlped brain, and a walnut-sized clot which extended down to the 
lateral rentrieular wall. A solid scalp closure without drainage was cfTcoted. The patient 
made an uneventful recovery, having been left with moderate aphasia and right homonymous 
hemianopsia. He ■was sent to the Zone of the Interior shortly afterward with the wound 
well healed and the flap soft and pulsating. 

This was a tJTie of benign fungus occurring in an open wound which was 
not yet actively infected, but potentially so ; there were retained bone chips and 
foreign bodies and an increase of intracranial tension due to the acute brain in- 
jury and clot rather than infection. Excision of the fungus, delaj'ed but com- 
plete debridement,® and wound closure witliout drainage re.sulted in primary 
wound healing. 

MALIGKAIsT FUNGUS 

In this group are included those nineteen cases in which infected cerebral 
herniations, occurring subsequent to wound debridement, were associated with 
increased intracranial pressure caused by abscess, hematoma, or occasionally 
necrotic but uninfected brain tissue. Here the danger of meningitis and the 
complications of increased intracranial pressure were vei'y real. Six of these 
patients died while under obseiwation, and three otheiE may have died later, 
since the military situation required their evacuation rvhile critically ill. 

The fungi, once started on their way through the open dura mater and 
bone, grew rapidly, as if propelled by the inei’eased intracranial pressure be- 
hind them. As a rule they were shaggy, wet, and had a tendency to bleed. 
Signs and symptoms of increased intracranial tension wore usually evident. 
While unfortunatelj^ the underlying nidus of infection, abscess, or clot can by no 
means always be located with exactitude by clinical signs, a roentgenologic 
demonstration of retained intracerebral foreign bodies or of bone chips oftem 
a strong, although not invariably reliable, clue to its location. Gas or a foreign 
body which can be demorrstrated to have shifted positions in serial roentgeno- 
grams clearl}'- indicates a fluid-filled cavity. A purulent sinus may lead through 
the fungus, along a missile or bone chip tract, to the abscess and thus he a 
valuable guide at operation. 

Until the infected mass is evacuated, be it a frank abscess or a deep 
cerebritis with or without hematoma, increasing tension will not be brought 
under control, nor the progress of the fungus ai-rested. Systemic chemotherapy 
with sulfonamides and/or penicillin was emploj'ed routinely, but served as an 
adjuvant to, rather than a substitute for, surgery. Operative removal of the 
causative factor is therefore urgently I’equired in every case of malignant cere- 
bral fungus. Delay or failure to find the associated abscess was responsible 
for the fatal outcomes in all of those patients who died. Meningitis may follow 
rupture of the abscess into the ventricle, the ventricle may rupture externally 
through the fungus, or death may result from the effects of increasing intra- 
cranial pressure. 

Such a tragedy is ill'ustrated by Case 3, in which the abscess, although 
sought for, was not found until too late. 
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Case 3. — A 23-year-old eng^incer was struck in the left parietal region by a shell frag- 
ment on Oct. 13, 1943; a compound, comminuted, fracture resulted, with numerous indriven 
bone fragments. Eight hcmiparcsis with partial aphasia followed. The wound was d6bridod 
eight hours later at an evacuation hospital and a foreign body and most of tlie bone 
fragments removed. Eight days later the patient arrived in North Africa. Purulent drain- 
age from the wound was noted. The neck was somewhat rigid and tlic cerebrospinal fluid 
cell count was 8,700. Under sulfadiazine he was said to have improved gradually and was 
actually out of bed walking about until Nov. 19, 1943, thirty-seven days after injury. At that 
time severe headache and vomiting set in, tho temperature rose to 103° P., and cervical 
rigidity reappeared. On admission to the Head Center on that date lie complained of severe 
frontal headache. Incomplete nominal aphasia and right hcmiparcsis were evident. The neclc 
was stifi" and the temperature remained elevated. The cerebrospinal fluid cell count was 
1,150, of which 850 were poljTuorphonuclcar leucocytes. In the center of the left parietal 
wound there was a tense bulging fungus partiallj- covered with granulation tissue. It was 
not pulsating. Some purulent drainage was evident. Eoentgenographic examination dis- 
closed a few, tiny, scattered bone chips beneath the defect and a metallic foreign body in 
the posterosuperior portion of the left temporal lobe. A diagnosis of brain abscess asso- 
ciated with incomplete ddbridement was made. The following day, under local anesthesia, the 
hernia was excised flush with the dura. Pour sinus tracts were found and followed to their 
depths. Several bone fragments wore evacuated, but no definite abscess, hematoma, nor mass 
of necrotic tissue was encountered, although one of the tracts extended approximately 7 era. 
dorvn into the temporal lobe. The hernia itself was quite necrotic and the walls of the sinus 
tracts were fibrotic. Cultures from the wound subsequently revealed anerobic hemolytic strepto- 
coccus and aerobic nonhemolytic staphylococcus. 

Although the brain was moderately alack at the close of this procedure, we were far from 
satisfied with the findings, or lack of tliem. Despite the fact that the spinal fluid pressure 
remained elevated (280 to 300 mm. water) one was lulled into a false sense of security by the 
improvement in the patient's general condition and the lessening of signs of meningeal 
irritation. Actual^, by Nov. 23, 1943, the spinal fluid pressure had become normal (120 mm. 
water). However, on Nov. 27, 1943, he complained of more headache. Spinal fluid pressure 
was found to be 210 mm. Por the first time evidence of right homonymous hemianopsia and 
astereognosis in the right hand were observed, and the right hemiparesis, which 
had decreased following the second operation, became more pronounced. Gradually the 
fungus recurred. Lumbar punctures, performed one to three times a day, revealed pressures 
of 240 to 280 mm. water with cell counts ranging from 74 to 147. On Nov. 30, 1943, while 
sitting up smoking, he suddenly lost consciousness, the pupils became dilated and fixed, and 
stertorous respiration set in. The fungps increased in size rapidly, with much necrotic brain 
tissue being extruded. In vain the temporal and parietal lobes were tapped with a ventricular 
needle. No abscess was encountered. Another attempt the following day was successful in 
reaching a thick-walled abscess cavity in the temporal lobe. However, the patient's course 
was progressively downward and he died on Dec. 3, 1943. Autopsy revealed a large, well- 
encapsulated abscess of the left temporal lobe extending into the hippocampal region. No 
bone fragment was found within the cavity nor in its walls. The metallic foreign body 
lay one-half inch posterior to the wall of the abscess and was nicely encapsulated. 

The mistakes here were incomplete wound debridement initially, and 
second, failure to employ ventriculography when search for a diagnosed abscess 
was unsuccessful. If the associated abscess be evacuated relatively early, wound 
healing and recovery maj" proceed rapidly, as exemplified in Case 4. 

Case 4. — A 31-year-old infantryman was struck in the left frontal region by a rifle 
bullet on Oct. 1C, 1943. The wound was d5brided, the missile removed, and closure effected 
the following day at a field hospital. A few days later at another institution the wound was 
observed to have broken down and a fungus was evident. The amount of sulfonamide 
administered was unknown, and penicillin was not then available. On the patient's arrival 
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at the Head Center on Oct. 25, 1943, eight days after the initial operation, tho wound was 
found to he draining pus and a ten.se, shaggy, nonpulsating fungus was pre.sent. Neurologic 
examination revealed mild right hemiparesis and early papilledema. Mental processes were 
slow, but he was rational, cooperative, and complaining of but slight headache. There was 
little fever, and the neck was moderately stiff. Roentgenograms revealed several retained 
bone fragments a short distance beneath the defect in the posterior portion of the left frontal 
bone. 

Under novocain anesthesia the fungus was excised flush with the dura. A ma.ss of 
necrotic tissue and bone fragments was found beneath, ns.sociated with a partially encapsulated 
abscess. Following evacuation of the latter, and secondary debridement of the wound, the 
scalp was closed loosely about a drain. Wound culture.s revealed aerobic hemolytic Staphylo- 
coccus alhus, and aerobic hemolytic streptococcus. Tlie highest recorded cerebrospinal fluid 
pressure after operation was 200 mm. of water, with a cell count of 330, of wliich 40 per cent 
were polymorphonuclear leueoeyte.s. Convalescence was uneventful and the neurologic recovery 
apparently complete. 

The history of the next patient whose in.iuiy was very extensive, illustrates 
some of the difficulties which may be encountered in the treatment of malignant 
fungus, where the latter, of itself, is of quite secondary importance. Inadequate 
debiidement, both at the first and at .subsequent o])erations, was apparently 
responsible for the fatal outcome. 

Case o. — A soldier was wounded in action in Italy, .July 15, 1944, sustaining multiple 
.shell fragment wounds of the left side of the face, loft eye, both supraorbital regions, and 
the right shoulder. There were multiple fractures of both frontal bones, orbital plates, 
ethmoids and sphenoid, as well as tho left temporal and maxillary bones. There was deep 
injury to both frontal lobes and to the left temporal and parietal lobes. A diffuse shower 
of coarse and fine bone and metallic foreign bodies extended from the face into the left 
occipital region. The first operation was performed at an evacuation hospital, where a left 
frontal craniotomy was done for removal of subdural and extradural clots; in addition, 
wounds of the face and scalp were debrided and the left eye removed. The large frontal 
dural opening could not be closed. A gauze pack was placed at the base and brought out 
through the orbit. The pack was said to have been removed within one week. The scalp 
incision healed and the patient's general condition improved gi-eatly. However, by July 28 
a fungus had filled the defect in the orbital wound through which the pack had been brought 
out, and a spinal fluid fistula made its appearance there as well. 

On arrival at the Neurosurgical Center .July 30, 1944, all wounds were healed save tlio 
orbit, where the fungus was wet and necrotic. The patient was mentally disturbed and 
.showed many and varied neurologic defects indicative of bilaternal cerebral injurj-, together 
with signs of impending meningitis. On Aug. 2, 1944, a left temporal craniectomy was per- 
formed with removal of subdural and intracortical hematomas, and evacuation of an abscess 
(nonhemolytic Staph, alhus). Bone chips and the large foreign body which lay free in a 
soft, necrotic, pathway leading into the posterior temporoparietal region were removed. This 
foreign body had been seen to .shift position several times in serial films. The poor general 
condition of the patient prohibited redebridement of the frontal lobe wounds at that time. 
He improved markedly after this operation, but the fistula about the orbital fungus con- 
tinued to flow, and because of the danger of meningitis developing he was again operated 
upon Aug. 8, 1944. On this occasion the fungus and the adjacent necrotic portion of frontal 
lobe tissue were removed and extensive fascia lata grafts were employed to repair the large 
dural defects presenting at the opened frontal and etlimoid sinuses. Cultures from tlie cere- 
brospinal fluid fistula showed Bacillus aerogenes and Staph, alhus. He did well until Aug. 
18, 1944, when his condition became suddenly and temporarily much worse and the scalp flap 
swelled out under marked tension. The left ventricle was tapped, the fluid cultured, and 
Escherichia coli found. Improvement was again rapid. Sept. 5, 1944, the patient once 
more suddenly became very ill, and again a ventricular tap yielded a turbid fluid, rich m 
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cells, witli many bacilli and cocci on a stained smear. Sept. C, 1944, the left (einporoparietal 
lobe was re-e.xplored but no abscess was found. Kocntgenograms, nieainvbile, had not indicated 
any shift in any of the remaining foreign bodies. He died on Sept, 9, 1944. Necropsy re- 
vealed a mass of seminecrotic tissue between the floor of the left ventricle and the .«migly 
healed dural patch over the orbital roof. 

Ill llie light of the next case (Case 6), oxjilovation of the frontal lobe with 
reclebridemenl slioiild hai’e been done and might well liave prevented tlie 
patient ’s death. 

That a cerebral fungus as.sociated with a ruiilure of the ventricle and a 
wide scalp defect need not invariably be fatal, is illustrated by Case 6. 

Case 6. — A German soldier, aged 19 years, was struck in the left supraorbital region 
by a .30 caliber bullet on Sept. 20, 1944. The wound wn.-; drc.sscd with sulfonamide powder 
and on the same day he reached one of our evacuation hospitals whore the wound was 
debrided. The large dural defect was repaired with a pericranial graft. The incision, because 
of loss of tissue, was said to have been closed under great tension. Penicillin was used both 
locally and intramuscularl}' (25,000 unite injected into tho cavity at the close of the operation 
and 15,000 units injected subsequently each day). Although his general condition improved, 
a wound infection developed, with colon-smelling pus. Sept. 20, 1944, the wound was 
opened widely, the exposed portion of tho dural graft removed, and pus and necrotic tissue 
sucked away. A drain was left in tho wound. By the following day the temperature had 
risen to 105° F. and the neck was stiff. Baeteriologic examination revealed “spore-forming 
anaerobes. ’ ’ Penicillin, 10,000 units, was injected intrathecaJly each day in. addition, to that 
given by routine intramuscular administration. The patient remained comatose until Sept. 29, 
1944, at which time the temperature and pulse returned approximately to normal. He began 
to respond to questions and to take food. 

He was then evacuated through two other hospitals, at tho latter of wliicli he was 
seen for the first time by one of us on Oct. 21, 1944, Apparentlj', he had been holding 
his own fairly well. Cervical rigidity had disappeared, but pus continued to drain from the 
wound. Two days previously, cerebrospinal fluid was observed to be issuing from the wound. 
He then became listless and the temperature rose to 103° F. When seen prior to transfer 
to the Head Center, the temperature was 104° F., the neck quite stiff, and a large cerebral 
fungus was present in the left frontal wound, from which there was a copious flow of cerebro- 
spinal fluid. Koentgenographic examination revealed a bone defect 6 cm. in diameter with 
no retained bone fragments. Cultures from tlie wound and from the lumbar spinal fluid on 
at least two occasions disclosed the presence of Esch. coli. The cerebrospinal fluid cell count 
varied from 3,600 to 3,950 cells, with GO to 72 per cent polymorphonuclear leucocytes. 

On Oct. 22, 1944, immediately after admission, a craniotomy was performed under ether 
anesthesia. After the fungus had been excised, the fistula was seen to extend directly into 
the anterior horn of the left lateral ventricle. A radical debridement of the left frontal lobe 
was performed. The frontal sinus was apparently healthy and was not disturbed. The cavity 
was tliorougMy washed with saline solution and 10,000 units of penicillin were instilled. In 
order to close the huge scalp defect a pedicle flap was brought down from above and the bed 
of the latter covered by a split-thickness graft placed on the remaining pericranium. 

Tlie postoperative course was marked by a temperature rise as high as 102.6° F. the 
following day, after which it returned to within one degree of normal. From time to time 
during tho next two to three weeks tliere were episodes of fever and increased fluid under 
the flap, requiring aspiration. However, the scalp wound healed per primam and the graft 
took well. 

Approximately one month later colon bacillus meningitis recurred. The flap bulged 
tensely and a re-exploration of the wound was deemed imperative. Tiiis was carried out bv 
reopening the lower limb of the old incision. A large smooth-wailed cavity was revealed 
lined with glistening arachnoidal membrane beneath which numerous silver clips were visible! 
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ISTo reaction was evident about any of tliera. The opening into tlio ventricle was 2 to 3 mm. in 
diameter; a small mass of seininecrotic tissue containing a few particles of dirt had ruptured 
through the membrane. This was thoroughly excised back to normal-appearing tissue. The 
wound was closed as before without drainage. Convalescence from that time on was quite 
satisfactory, and the patient, when last examined four months after the last operation, was 
ambulant, without complaints, and with no gross neurologic disturbances. 

Cerebral fungi occurred in approximately one-quarter of all deep and 
superficial infections. Tlie mortality tva-s definitely higher in those deep infec- 
tions in which fungus developed. They appeared less frequentlj’^ in those 
wounds in which the dura had been closed. lienee, dural closure by suture or 
bj' living graft is desirable at the time of womid debridement. An additional 
reason for canying out this procedure is that the .sutured or patched dura may 
shield the brain effectively from a .superficial infection. This has been observed 
by one of us on at least eight occasions in brain and spinal cord wounds. 

.SUJIirARY 

1. Thirty-two cases of cerebral fungus which occurred among 426 penetrat- 
ing skull wounds were studied. 

2. These were roughly divisible into two groups: the first, termed 
'‘benign,” consisted of locally infected herniations associated with superficial 
wound infections; the second, called “malignant,” occurred in conjunction u'ith 
deeply infected wounds, overlooked hematomas, or pockets of necrotic tissue. 
In the majority of these the dura had been left unsutured, although in a few 
it had been forced open by pressure and infection. 

3. All save one of the thirteen “benign” fungi were small, grew slowly, 
and W'ere not associated with progressive neurologic changes. Intracranial pres- 
sure was elevated but moderately, if at all. The natural tendency was to heal 
■\vithin a few weeks. Only one, the largest, was excised, and it appeared to have 
been imdergoing fibrosis. Systemic chemotherapy was practiced routinely. 
There were no deaths in this group. 

4. Among the nineteen cases of “malignant” fungus, there were six knovm 
deaths and possibly three others subsequent to evacuation. These hernias 
were large and shaggj' with a tendency to bleed. Continued growth of the 
mass, mounting intracranial pressure, and progression of neurologic changes 
were characteristic of this group. Treatment entailed evacuation of the abscess 
or hematoma and/or redebridemenl of the wound supplemented bj' systemic 
sulfonamide and/or penicillin therapy. Excision of the fungus flush with the 
dura was thus not the essential part of the operation, although it served to 
lessen pressure in the region of the dural opening®’ and to afford access to the 
principal source of trouble. In each of the six known fatalities an underlying 
abscess was ovei'looked or evacuated too late. With few exceptions these patients 
can be saved by proper and timely surgical intervention. Systemic chemotherapy 
with penicillin and/or sulfonamides is apparentty of value in preventing 
meningitis. Should signs of meningeal imtation or invasion appear, penicillin 
should be employed intrathecally as wmll, and every effort directed toward 
elimination of the source of infection. To do less is to court imminent disaster. 
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5. Case histories exemplifying both successful and unsuccessful treatment 
are cited, and what are believed to liavc been the errors committed pointed out, 

6. Dural closure, in addition to painstakingly thorough wound debridement 
at the time of thednitial operation, is recommended. 
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The Dr. Walter E. Dandy Birthday Number ivill be concluded in the June 
issue of the Journal. 



Book Reviews 


Modem Urology for Nurses. By S. M. Dwyer, B.N., B.S., and G. 'W. Fish, M.D. Ed. 2. 

Cloth. Pp, 2S7, with 60 engravings. Philadelphia, 1945, Lea & Fcbiger. .$3.25. 

This is a compact volume intended to give the student and graduate nurse the funda- 
mental principles of urologic nursing care. The various problems encountered arc well 
covered and tho anatomic, physiologic, and pathologic features of conditions requiring care arc 
discussed so that the nurse should have a comprehensive concept of the underlying disease. 
Nursing care has then a rational basis and, with understanding, care improves and becomes 
enthusiastic rather than indifferent. 

The chapter on establishment of an urologic scetion emphasizes tho importance of segre- 
gation of patients with urologic disorders so that trained staff and special necessary equipment 
may be available. Tliroughout the book the necessity of understanding in the treatment of 
the sensitive, embarrassed patient is stressed and the discussion of the nurses’ role in re- 
assurance and teaching of tho patient is laudable. 

The authors are not dogmatic, but rather give fundamental grounding in urologic nursing 
care, to be modified by the partievdar routine of the urologists of any hospital. A description 
of the necessary staff and required equipment of the Squicr Urological Clinic is given in some 
detail. 

The chapter on teaching of urologic nursing seems particularly good. The brief dis- 
cussions of operative procedures give understanding to the floor nurses and a foundation, 
to which the urologpst should add, to the cystoscopic and surgical nurses. 
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PERIPHERAL NERVE INJURIES 

I. The Re.suet.s oe “Eahey” Nerve Suture: 

A Preliminary Report 

Lieuten.vnt Colonel Barnes Woodhall, M.O., A.U.S., and 
Captain William R. Lyons, M.A.C., A.U.S. 

(F>om the Surgical Consultants Division, The Surgeon General’s Office, Washington, ]). C., 
an-d Halloram General Hospital, Staten Island, Hew York, H. Y.) 

FOREWORD 

T he knowledge concerning the biologic and technical factors involved in the 
repair of peripheral nerve injuries which might have stemmed from the 
accumulated experience of World War I was almost entirely lost, primarily be- 
cause no formal follow-up studies of such injuries Avere initiated. In the interval 
of peace between that war and World War II little progress was made along 
these lines because nerve injuries are relatively uncommon in civilian life and 
even experienced neurosurgeons have difficulty in collecting sufficient clinical 
material to provide a basis for definitive statements about special techniques. 

For these reasons the management of peripheral nerve injuries was little 
further advanced at the beginning of this ivar than it was at the end of the 
last war. Fortunately, hoAvever, it ivas promptly recognized that the opportuni- 
ties provided in this war would be lost, just as they had been in the last war, 
if a concerted effort were not made to utilize the mass military neurosurgical 
experience. The establishment of a Peripheral Nerve Registry for the evaluation 
of peripheral nerve surgery as it was practiced in Oi'^erseas Theaters and in the 
Zone of the Interior ivas the outcome of this realization. 

The assessment of the end results of this phase of neurosurgery is a long- 
tern endeavor, and sufficient time has not yet elapsed to permit any but pre- 
liminary reports. Nonetheless, this first report from the Peripheral Nerve Reg- 
istiy, though it is necessarily inconclusive, makes clear the brilliant results al- 
ready achieved by the policies laid down for the management of these injuries 
by the neurosurgical consultants, whose policies were, in turn, the result of the 
policies of specialization of personnel and concentration of specialized material 
under Avhich the surgical consultants division of the Surgeon General’s Office 
has operated since its inception. This preliminary report also makes clear the 
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valuable coulributious whieb will conlimic to flow from these slutlies, the lessons 
of which are readily a])i)lieable to civilian ncurosur<iery. 

Without the cooperation of the neurosurgeons in the Theaters of Operations 
and the Zone of the Interior the Peripheral Nerve llcgistry could not have suc- 
ceeded. Ai)proximately 5,000 peripheral nerve sutures have now been recorded, 
and a steadily increasing number of asses-smonts is being received in the Surgeon 
Oeneral’s Office. The contemplated transfer of the Registry to the Veterans’ 
Administration and the further study of nerve regeneration under its auspices 
should permit conclusive results concerning this phase of neurosurgery during 
the coming years. 

Fkkd W. R.vnkix 

Brigadier General, M.C , U.S. Army 
Ctiief Consultant in Surgery 

I F THE great mass of war casualties suffering from peripheral nerve injuries 
could have been transported and distributed rapidly to the general hospitals 
designated as neurosurgical centers in the Zone of the Interior (the continental 
United States), there would have been no indication for an integrated attack 
overseas upon this special problem. Since many casualties could not be trans- 
ported for various reasons, both physical and tactical, it was necessary to develop 
in overseas installations a in-ogram of treatment designed to promote for each 
individual patient a maximal chance for rehabilitation. “Early” nerve suture 
as practiced in the neurosurgical centers of the United Kingdom was, therefore, 
in large part a pha.se of military neurosurgery. It will be apparent, however, 
that the experience gained in its use is readily applicable to nerve suture per- 
formed in a more de.sirable envij-onment. 

By successive directives and technical reports'-’'' the care of a peripheral 
nerve injury sustained in combat was divided into two distinct phases. The 
first included the preservation of the extremity as a whole and the ])roventiou 
of infection, which was achieved by debridement and l)y delayed wound closure. 
Whenever possible, at either the first or the second of these procedures, divided 
peripheral nerve tissue was coapted by a radiopaque suture and was protected 
from the pressui'e of dressings by contiguous muscle or fascial tissue. At such 
operations the extensive mobilization and transplantation dissections which are 
essential in restoring nerve defects were regarded as contraindicated by the 
probability of subsequent infection. If nerve suture is attempted under these 
circumstances, recourse must be made to joint posturing which is often un- 
physiologic in extent, and the thin, friable epineurium characteristic of a freshly 
divided nerve and the necessary postoperative stretch upon the site of suture are 
further technical factors prejudicial to successful axonal regeneration. 

The second phase of the care of a peripheral nerve injury sustained in com- 
bat has to do with reconstructive surgery, including definitive sutui’e, physio- 
therapy, and the observation of regeneration. As the time period fi’om the 
injury' lengthens, however, progressive deterioration occurs in the distal nerve 
segment, characterized by epineural, perineural, interfascicular, and endoneural 
fibrosis, by nerve bundle atrophy, and by an irregular tubule atro]jhy leading 
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rapidly to complete obliteration of the tiibnlc cross-section area.' Wiicn to 
these changes are added muscle atropliy, nerve ending degeneration, and peri- 
articular fibrosis, the barrier to nerve regeneration after a three-month period 
becomes increasingly formidable. Early nerve suture, as practiced bj ovci’seas 
military neurosurgeons, was designed to take advantage oi the favorable time 
period commensurate with optimum nerve regeneration, that is, not earlier than 
three weeks and not later than three months after nerve inpiry. 

Early nerve suture is influenced under military conditions by many circum- 
stances other than the obvious ones of a complicated inpiry and the pressure of 
bed evacuation. At least three other factors had to he taken into consideration, 
namely, properly trained pei’sonnel, their technical dexterity, and the varjdng 
immediate response of a peripheral nerve to an inflicting force. 

The present communication is concerned entirely with an effort to establish 
or disprove the value of early nerve suture as a military neurosurgical proce- 
dure, keeping in mind the major influence of lime after injury and the sub- 
sidiary factors already noted. Successive reports will be concerned with such 
other data as ballistic studies, the bone, vessel, and soft tissue complications of 
peripheral nerve irrjuries, regeneratiorr hr special nerves, and the duration of 
hospitalization for nerwe injuries. 

THE PERtPHERAI.. NERVE REGISTRY 

Irr arr endeavor to evaluate the influence of standardized procedures and 
newly developed techrrical advairccs upon the end results- of peripheral irerve 
repair, a Peripheral Nerve Registry was established by the Surgeon General 
Nov. 22, 1944.® At first the Registry was maintained only in the nineteen geireral 
hospitals in the Zone of the Interior designated for the care of neurosurgical 
casualties, all of which were headed by diplomates of the American Board of 
Neurological Surgery. Later the initiating forms were extended to ovei’seas 
installations. The maintenance of the Registry and the compilation of reports, 
which are submitted every three months, was made the responsibility of the 
neurosurgical staffs of the various centers, and the present report is the result 
of the efforts of eighty-five reporting surgeons. 

Certain facts concerning the Registrj^ should be emphasized. In the first 
place, it was designed for specialized studies which can he carried out only by 
medical personnel trained in neurosurgery and which extend far beyond the 
confines of purely statistical data. Statistical studies as such are the function 
of the Surgeon General’s Office. 

In the second place, as will be observed from Tables I to XII, few of the 
clinical categories are complete on ail foims received. In part the omissions 
are due, as is true of all similar studies, to careless recording. There are how- 
ever, more pardonable reasons. One is that in combat areas careful initial 
observations were frequently not possible, for obvious reasons. Another is 
that even on higher levels a large amount of paper work is required in all hos- 
pital installations and there is a limit to the capacities of an observer, no matter 
how groat his enthusiasm. While it would have been desirable in many instances 
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Table I. Nerve Involvement and Tvpe of End-to-Knd Anastomosis (Okioinal Definitive 
Procedure) in Uii9 Nerve Injuries Sustained by 30:! Casualties* 


NERVE 

INVOLVED 

PREVIOUS 

■WITH 

BULB SUTURE 

1 WITHOUT 

TYPE NOT 
STATED 

TOTAL 

1 PROPOP.TIONATE 

1 DISTRIBUTION 

Ulnar 

5 

181 

29 

215 


Sciatic 


103 

24 

129 

19.3 

Median 


9S 

10 

114 

17.0 

Badial 

0 

83 

13 

90 

14.4 

Peroneal 


55 

13 

08 

10.3 

Tibial 


18 

1 

39 

2.S 

Musculocutaneous 


8 

1 

9 

3.3 

Brachial plexus 


G 


S 

3.2 

Facial 


1 


3 

0.3 

All others 


8 

O 

10 

3.5 

Total injuries 

7 


99 

009 

100.0 


•Three instances in which nerve graftinK rvas the original definitive procedure (ulnar, 
radial, sciatic) are not included in this table. 


to have more complete data, those supplied were, on the whole, ample for the 
purposes of this .study. 

In the third place, the Registry forms, although necessarily detailed, were 
deliberately kept as simple as possible. This is particularly true of the assess- 
ment of degrees of recovery, in which the categories were adopted, Avith only 
minor changes, from those which the British, with a much longer exjierienee, had 
found to be practical. A Registry designed for the recording of a potential 
resen’oir of many thousands of eases obviously cannot be devoted to minutiae, 
however attractive such an analysis might be. That 1a.sk must be reserved for 
single observers studying personal series of eases. 

Finally, of the many difficulties inherent in the appraisal of neural regen- 
eration after suture, not the least is the ])rolonged time interval required for 
successful neural regeneration to be finally a.ssessed. This difficulty has been 
met in part by requiring that assessments of all cases in the Registry be sub- 
mitted at successive three-month intervals. On the other hand, the recognition 
of frank failures or of variations from the usual trancpiil course of axonal regen- 
eration demands only the presence of trained observers and a central means for 
assembling pertinent data. 

The Peripheral Nerve Registry Report S. 0. Form 941 provides for the 
reporting of the following data : 

A. Identification and administration, including the name of the genera! hospital; tlie 
hospital and the Peripheral Nerve Registry serial numbers; tlie patient’s name, Army Serial 
Number, organization, and arm or service; ttic dates of his admi.ssion, operation, and di.s- 
eharge and the date of the report; the name of the operating surgeon; the type of admission 
(original or readmission) ; the date of the patient’s disposition to full or restricted duty, or 
of the certificate of disability for discharge or retirement, or of transfer to another type 
of liospital installation; the total time lost from duty and the lapse of time before opera- 
tion and disposition. 


Table II. Incidence of Single and hlcLTiPLE Nerve Injuries 


INJURIES 

CASES 

PROPOF.TION 

Single 

659 

91.9 

Multiple 

50 

S.l 

Total 

039 

300.0 
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Table 111. 


Causative AgeivT ik 595 Battle akp 25 


ACCIPEST'M. PUEUnVEBAE NEIOT. InJOUIES 


agent 

Shell or bomb fvagmowtj shrapiid 
Gunshot wound or bullet 
Accidental 

Land mine, booby trap, grenade 
Unspecified 


CASES 

3S5 

leo 

25 

IT 

33 


rEllCENTAOE 

02 

2G 

4 
.'{ 

5 


B. The date, cause, and location of the injury, and the nerve or nerves involved. 

C. The operative findings. Since the Registry rvas set up for a study of nerve suture 
and nerve grafting, operative findings are limited to the measurement in centimeters of the 
nerve defect or gap before surgery, that is, before surgical dissection, and after surgery, 
that is, after pathologic tissue has been resected and the extent of the defect or gap is evident. 

D. Pathologic findings, stated in sucli established terms as proximal or lateral neuroma, 
distal glioma, anastomosis line, neuroma in continuity, and graft. 

E. Operative details including, according to whether nerve suture or nerve graft wa.s 
done, the type of dissection (mobilization, transplantation, bone resection, etc.) ; the type 
of suture (primary, bulb, secondary, tertiary, etc., and complete or parlial) ; the suture 
material; the use of stay sutures; the use and method of .application of nerve sheaths or 
cufEs; the type of graft (fuil thickness, cable); the derivation of the graft (autogenous, 
homogeuous, heterogenous) ; the character of the graft (fresh, predegenerated, fixed, dehy- 
drated) ; the technique of insertion; and other pertinent details in the particular case. 

F. Assessment of motor recovery in. the following terms: 

0. No contraction. 

1. Perceptible contraetion in pioximal muscles. 

2. Same as No. 1 plus return of perceptible contraction in distal muscles to such a 
degree that sufficient power is present to act against resistance. 

3. Same as No. 1 and No. 2 plus return of synergic and isolated movements. 

4. Complete recovery. 

G. Assessment of sensory recovery in the autonomous zone in the following terms; 

0. Absence of sensibility. 

1. Recovery of deep cutaneous pain, 

2. Recovery of some degree of superficial pain and touch. 

3. Recovery of pain and touch without overresponse. 

4. Same as No. 3 plus recovery of 2-point discrimination. 

H. The progressive descent of Tinel’s sign recorded in centimeters. 

I. Data as to the influence of bone, blood vessel, and e.xtensive soft tissue (plastic) 
injury, intraneural pathologic clianges, overseas procedures, and other factors which might 
influence the course of neural regeneration. 


Table rv . Associated Looal Daaiage in 621 PerithehaIj Nerve Injuries 


TYPE OF DA-MAGE NTJMBER. OP GASEE PROPORTION OP UPPOBTDD rrA RPR 

Bone SOI 

Vascular 471 

Soft tissue*' 4! 

Bono and Vascular 5! 

Bone and soft tissue 4 

None 229' 

Unknown or unreported 252 

1 

12.7! 
1.1 1 
1.3! 

1 1.1, 

62.3 

•37.9 


nrpuftic“pro"c"ea«rel’'’ substance or severe Infection 


Tile oiigiiitil assessiiieut of reeoverj' as defined by electrical percutaneous 
studies was based upon the sinpilified classification devised by de Jon-r.®- The 
studies usually conducted in Army installations, aside from certain*^other dis- 
advantages, arc complicated for purposes of record. They were also designed 
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CAUSATIVE AGENT IN 
PERIPHERAL NERVE INJURIES 


Chart A. 


to be transposed at some future date in terms of the jtromisiii”- ga.lvanie-tetanus 
ratio studies condueted Ity Pollock and his associates” among Army casualties. 
This method, and the equally provocative skin re.sislancc studies of Whelan and 
Riehtei”'' and of Jasper and Robb® have thercfoi'c Itcen jilaced in the Registry 
but to date have not been made mandatory. 


MATERIALS AXD METHODS 

During the interval between D-Day, June 6, 19J4, and V-E Day, May 8, 
1945, 6,245 casualties with peripheral nerve in,iuries were admitted to the 
twelve neurosurgical centers established in the I'nited Kingdom and operated 
under the over-all direction of Colonel R. Glon Spurlijig, Senior Consultant in 
Neurosurgerjq European Theater of Operations. Operation was performed in 
2,873 of these cases.” In 1,319 eases, procedures desci’ibed as external or in- 
ternal neiu’olyses were carried out. In the remaining 1,554 cases (54.1 per cent) 
peripheral nerve division was encountered and end-to-end suture was accom- 
]Jished.’® These operations were perfoi-med on an average of thirty -nine days 

‘This analy.sis also includes a small number of cases hanilled in other theaters of 
operations. 
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Table Y, rtioroBTioNATc Distuibutiok in Respect to Time Inteuvai, 
AND Definitive JCEUKOsunoEUy in CCl Cases 

BETWEEN WOIINin.Sd 

TIJIE INTEEVAI, 

(days) 

ACTITAI, cases 

1 PKIiCENTAOE 

CUm'hA'mV CASE.S rEJICENTACE 

AVounding 

63 

9.0 

03 

9.5 

6 

22 

3.3 

8.5 

12.8 

12 

13 

2.0 

98 

14.8 

18 

IG 

2.4 

114 

17.2 

24 

31 

4.7 

145 

21.9 

;w 


.5.0 

1S2 

27.5 

:;() 

GG 

10.0 

24 S 

.')7.5 

42 

74 

11.2 

»*2!i 

4S.7 

48 

GS 

10.3 

.390 

59.0 

54 

50 

7.0 

440 

00.0 

(iO 

48 

7.3 

488 

73.9 

OG 

26 

3.9 

514 

77.8 

72 

21 

3.2 

5*15 

Sl.O 

78 

34 

5.1 

500 

SO.] 

84 

26 

3.9 

5il5 

90.0 

90 

12 

l.S 

007 

91. S 

120 

33 

5.0 

040 

90.8 

150 

10 

1.5 

650 

9S.3 

ISO 

1 

0.2 

051 

9S.5 

Over ISO 

G 

0.9 

(!o7 

99.4 

Unknown 

4 

0.0 

Olil 

100.0 
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Table VI. Technique of End-to-Eni> Ana.sto-mosik in IMS Opekations Fon PE!UPHErai, 

NeUYF. INJL’UIES' 


technique 

NUMBEK. OF CASES IT.OrOPvTION OF P.EPOr.TEl) C.ASES 

Completo 

5S5 

90.5 

Partial 

o:j 

9.7 

rVitli tantalum wire 

44S 

75.1 

Other suture material 

141 

25.6 

Both 

8 

1.3 

With stay suture 

191 

42.5 

Without star suture 

25S 

57.5 

Wrapped in tantalum foil 

:',74 

97.9 

In other material 

s 

2.1 

With mobilization 

20.'', 

72.6 

Transplantation 

47 

15.0 

Both 

52 

14.4 

AVith bone resection 

4 


•Only positive (stated) data ari' 

included under each bending. 



aftei’ the injury. While the total number ol' jicrijihei’al nerve ojicration.s carriecl 
out at the time of injury or shortly after-ward in evacuation luwpitals or other 
facilities of this type is not known, eighty-nine have been recorded, which is 
a sufficient number to make possible a comparison of results between this prac- 
tice and the practice just described as early nerve suture. 

The following methods of analysis were enijiloyed: 

1. Significant samples of cases of early nerve suture, ranging from 450 to 
649, were chosen for study as the records ai)))eared successively in the Registry. 
The period of observation alter operation in these groujis ranged from three to 
twelve months and the instances of early if ineomiilctc regeneration included in 
the analysis represent instances of incomjilete nerve division. The initiating 
forms and assessments were coded and from the.se cards the statistical sfudic.s 
reported in Tables I to XI were derived. Since each study was of a specialized 
character, the total number of cases varies to some degree in each individual 
compilation. 

2. In order to compare the validity of results obtained in ncnral i-cgencra- 
tion as demon.strated by the coding and statistical analysis of a large group ot 
cases vithin the specifications of the Registry and of a smaller grouj) analyzed 


Table VII. b.\te of Motoe Efcoveuy Ba.sed on Monthly Postopekative a.ssess.mk.nt.s is 
649 Stated Cases or PeripuePvAi. Neuve iN.irnY 


POSTOPERATIVK 





=== 

TIME INTERVAb 



i:ECOVEr>.Y CODE 

2 



( MONTHS) 

0 

1 

;« 

4 

1.9 

54 

5 

o 



2.9 

67 

fi 

•» 



.5.9 

UF, 

21 

7 

.> 

1 

4.9 

71 

11 




5.9 

6.9 

52 

13 

6 

5 


52 

25 

14 

s 

1 

7.9 

5.9 

14 

10 

9 

9 

5 

4 

4 

4 


9.9 

9 

16 

8 

8 


10.9 


3 

1 

2 


11.9 


1 

2 

2 


12 and over 

5 

4 

1 

3 

1 

Total number asse.ss- 
ments 

427 

123 

59 

37 

3 
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Table VKI. Bate op Sensory Based on SIoNTiiiiY Postopeiutive Assessments in 049 
Stated Cases or Peripkeral Nerv'e Injury 


POSTOPERATII'E 

time interval 

(MONTHS) 

0 

1 " 

KECOVKRY CODE 
o 

3 4 

1.9 

55 

5 

3 


2.9 

64 

8 

1 

1 

3.9 

133 

22 

8 

3 

4.9 

70 

11 

6 

o 

5,9 

39 

10 

4 

2 

6.9 

33 

22 

20 

(j 

7.9 

18 

5 

0 

2 1 

8.9 

13 

9 

0 


9.9 

18 

13 

5 

1 

10.9 

1 

1 

3 

1 

11.9 


1 


1 

12 aad over 

3 

O 

O 

4 

Total Dumber assess- 
ments 

447 

109 

68 

24 1 

by a single individual (“hand 

” analysis), 

, 450 cases of nerve repair were selected 

for this purpose, 

distributed 

evenly among a grou]) ranging, 

as to the time 


lapse, from those reported shortly after the Registiy was implemented to those 
reported less than three months prior to this study. If liand analysis has any 
advantage over other methods it lies in the personal experience of the analyst 
and the uniformity of the personal equation. 

3. The hand analysis was then extended to 602 cases, including the 450 
originally studied by this method. Each instance of failure in this larger group 
was studied in detail and so far as possible material was secured in each case 
for pathologic study. The results of this inquiry are reported in Table XII 
and illustrative case reports are appended. 

Assessment of the first group of eases (450) studied by hand analysis pro- 
duced the following results : 

345 patievts slwxved evidence of nerve regeneration, divided as foUoios: 

110 patients showed -progressive descent of Tinel’s sign, with evi- 
dence of motor regeneration (M^ or higher) and of sensory regenera- 
tion (Si or higher). 


Table IX. Interval by Monthly Assessments Between Opsbation and First 
Appearance op Tinel's Sign in 571 Stated Cases 


POSTOPERATIVE 
TIME INTERVATi 
(MONTHS) 

EARIjTEK 

ASSESSMENT 

present 

LATEST 

ASSESSMENT 

TOTAL 

NEVER 

PRESENT 

TOTAL 

assessments 

1.9 


.38 

38 

19 

57 

2.9 


53 

53 

20 

73 

3.9 

4 

129 

1.33 

24 

157 

4.9 


61 

61 

22 

83 

5.9 


39 

39 

s 

47 

6.9 

9 


59 

9 


7.9 

1 


21 

4 

25 

8.9 

1 

18 

19 

3 

22 

9.9 

10.9 

1 

19 

3 

20 

3 

1 

21 

3 

11.9 

1 

2 

3 


3 

12 and over 1 

G 

7 

5 

12 

Totul 

18 

4.38 

456 

115 

571 
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33 patients showed progressive descent of Tinel’s sign, witii evi- 
dence of motor regeneration (jMj or higher). 

28 patients showed progressive descent of Tinel’s sign, witli evi- 
dence of sensory regeneration (S, or higher). 

163 patients showed progressive de.seent of TineFs sign. 

3 patients showed motor regeneration (JMi or iiigher). 

2 patients showed sensory regenct'ation (S, or Iiigher). 

6 patients, although tliey presented none of these signs, showed 
gross evidence of nerve regeneration wlien surgical exploration was 
carried out. 

RATE OF NERVE REGENERATION 


PERCENT PERCENT 



23456789 OVER 9 


MONTHS 
Chart C, 

53 paiicnts presented no evidence of nerve regeneration, divided as foUoivs: 

17 patients showed evidence of suture failure. 

2 patients showed evidence of graft failure. 

34 patients showed no evidence of regeneration in periods ranging 

from three months in 26 eases to nine months in 2 cases. 

In the remaining 52 cases, the time interval after suture was less than 
three months in 19 eases, while in 33 others no report after operation was 
available. 

The analysis of the 398 cases in which the appropriate data were available 
showed some degree of regeneration evident after three months in 86.7 per cent 
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TABtiE X iNTnivAii Between OrEEATiON an» Fiiist Evidence oe Motor and Sensory 

Becovery in 571 Stated Oasis 



1 evidf.nce op recovery 

1 SO EVlDENCr, OP I 
1 REOOVF.RY I 

1 TOTAE 

1 RECOVERIES 

; TOTAd 

ASSESSMENTS 

INTERVAL 

IN 

previous i 

assessments 

EAST 

ASSESSMENTS 


i i 

1 


1 

1 j 

1 

jsKNSOUy 
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of a]i oases (345) and potentially nnfavorable vcsnlls in 33.3 per cent (53). 
The proved failures in 417 follow-up cases (including the 19 cases in which 
the time lapse after suture was less than three months) numbered 19, or 4.5 
per cent. The results in the 450 cases analyzed by the hand method show' a 
remarkably elo.se correlation u'illi the 649 eases analyzed by tlie statistical meth- 
ods employed in the evaluation of the Registry cases (Table VII). 

The hand analysis carried out on tlic larger number of cases (602) needs 
no special comment except that the 5.0 per cent of failures (21 of 419 cases) 
which occurred in general hospitals is W'orth emphasizing, in view' of the prin- 
ciples laid dow'ii for nerve suture, in contrast to tlie 22.4 per cent of failures 
(20 of 89 cases) which occurred in advanced units (Table XII). 

It is realized that the ma.ximal period of observation in these cases, tw'elve 
months, is short for the assessment of full nerve regeneration, but it is sufficient 
to .show- the trend of normal nerve growtli. Frank failures, on the other hand, 
are clearly manifest during a jieriod of observation of tliis length. Tlie 44 
failures which occurred in 602 instances of early nerve suture reported in the 
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Table XII. Distribution 

OF Failures in Relation 
Early Nerve Suture 

to Hospital 

Instai.lations in 

INSTALLATION 

CASES 

failures 

PP.OPORTION 

General hospital 

419 

21 

5.0 

Forward installations 


20 

22.4 

Installation unknown 

94 

•> 

O 


Total 

002 

: — 4i 

44 

7.3 


•Evacuation hospitals 53, other advanced units 3G, 


Kegisti^ were therefore studied in detjiil, as already mentioned, in an endeavor 
to determine the cause of the unsnceessfnl results. WJicnever possible, material 
was secured for pathologic study. 

Prom the standpoint of the time at which repair was done these cases fall 
into three gi-oups: 

(1) 16 cases in which repair was done at the time of wound dehridement. 

(2) 3 cases in which repair was done at tlic time of delayed wound closure. 

(3) 16 cases in which repair was done shoi’tly after delayed wound closure. 

In the remaining nine cases the failures can he ascribed to various causes 

which bear no relationship to the time at which repair was done. 

Case reports representative of each of the.se groups of failures are appended 
and are pi’eceded by reports of cases in which regeneration preceded normally. 

CASE REPORTS* 

Svccessful Kerve Sttiure Eighteen Days After Injury 

Case 1 (B. G, H.). — A soldier received a mortar shell fragment wound of the right 
upper arm, with division of the median and ulnar nerves. May 2.1, .\fter delayed 

wound closure both nerves were sutured June 10, 1944. No details concerning the operation 
were contained in the overseas clinical records. At the fir.'Jt Registry report Feb. 5, 1945, 
a progressive descent of Tinel's sign was recorded. At the second report June 12, 1945, the 
descent amounted to 57.5 cm., an average rate of 1.7 mm. per day, which corresponds 
rather closely with figures derived from more exactly conducted clinical studies.i^ At this 
time some degree of functional restoration was also evident. 

Suecessful Nerve Suture in Combined Bone-Peripherat Nerve Injury Forty-One Days 

After hi jury 

Case 2 (PNR 138, L. G. H.). — A soldier received a shell fragment wound of the right 
thigh Feb. 20, 1944, with a compound fracture of the femur and a division of the sciatic 
nerve. Debridement was performed and a hip spica applied February 21. Five days later 
the cast was removed, delayed wound closure was done, and balanced traction was instituted. 
Pour Steinmann pins were inserted and a Roger Anderson external splint was applied April 7. 
The following day the defect in the sciatic nerve was sutured with black silk and a full leg 
cast was applied, in which the Steinmann pins were incorporated. The splint and pins were 
removed May 8 and a new cast was applied. Function in the gastrocnemius and soleus muscles 
was first noted Nov. 23, 1944, and by Jan. 5, 1945, was 25 per cent of normal. By May 21, 
1945, plantar ankle flexion was estimated at 75 per cent, although there was still no evidence 
of function in the flexor digitomm longus or flexor hallucis longus. The peroneal muscula- 
ture was also still paralyzed, but the sensory zone of the common peroneal nerve showed 
an Sj response and there has been a progressive descent of Tinel’s sign to the level of the 
tibial condyles over the course of both sciatic components. 

»Each patient is identifled by the ’Peripheral Nerve Registry number and initials of the 
particular hospital in the Zone of the Interior in which treatment was carried out 
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Com??iejif.— These two cases have been selected for presentation for two 
reasons: (1) Both suggest the progressive, nnevchtful course of nerve regen- 
eration exhibited in the majority of cases of early suture reported in the Reg-- 
istry. (2) Botl\ indicate, even in the abbreviated foim in which they are pre- 
sented, the manj^-sided responsibility of the overseas military neurosurgeon who 
performs early nerve suture and then transfers his ])aticnt to the Zone of the 
Interior for rehabilitation. In Case 2 minute details of treatment are avail- 
able, and ail intelligent assessment of therapy and of thera])eutic results is pos- 
sible. In Case 1 the record is lacking in all details, including any definition of 
the term “suture.” These errors of omission occurred in many of the eases 
studied and added greatly to the difficulties of a.sscssment and analysis. 



|illl|t)limi|jli|||||i||||| 

METRIC I 2 



i (Case 3). — A, Gross specimen showing site of initial coaptation and nerve ends 
obtained at secondary neurorrhaphy. B, Median longitudinal section shewing Sense sea? 
colpu'ng?uUme^ forming lateral neur^mlrTnd^ remnants of 


Coaptation Xerve Suture One Day After Injury, Definitive Suture Fifty-Nine Days Later 
Case 3 (PNR 140, H. G. H.). — A soldier received a machine gun bullet wound of the 
left arm Alarcli 2, 1945. Dfibridement was done the following day. The radial nerve, accord- 
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ing to tlie record, was “incompletely lacerated,” but no mention was made of anj’ type of 
nerve suture. Because of tlic lack of a definite record of treatment, re-exploration was car- 
ried out May 1, 1945. 

The radial neiwe was first recovered distally between tlio bracliialis and brachioradiali.s 
muscles. Stimulation at this time produced no motor response distal to the lesion, although 
a locally painful sensation radiated down the arm. Tlio nerve was then followed upward 
until the point of scarring was encountered. The lateral head of the triceps was partially 
taken down at its origin, thus exposing the nerve as it emerged from the humoral groove. 
Stimulation of the isolated nerve produced the anticipated pain response but failed to pro- 
duce any motor response. The area of scarring, which was rather narrow, wa.s freed from 
the adjacent tissues by sharp dissection, and the nerve was found to be quite firm in fliis 
region. Because of the absence of motor re.-jponse it was concluded that the few nerve 

A. B. 



G. D. 

Pig. 2 (Case 3). — A, Cross section of proximal nerve segment showing slight epineura! 
and perineural thickening and intrafascicular fibrosis and edema {x22.5). B, Cross section 
of distal nerve segment showing slight epineural and perineural fibrosis, and heavj' siia 
suture in epineural tissue (x22.5). C, Higher magnification showing edema and light rnucoW 
fibrosing process separating nerve fibers. Some fibers appear normal and myelinated ana 
others degenerated and vacuolated. Small regenerating, amyelinated neuraxes are seen _ m 
clusters in tubular walls and Intertubular areas (X600). D, Higher magnification showing 
unshrunken tubules still containing unresorbed detritus. Some of the fine black dots in tne 
tubular walls and intertubular regions are cross sections of a few of the axones which pene- 
trated the zone of scar tissue (X600). 
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fibeis piosenl repicsonied a do^ngiowlli rather than a apiiring, unci fliat they siioiilcl bo 
sacrificed. The nci\e uas, theieforc, divided by sciinl section i)ro.\imally and distally until 
healtiiy fascicles ■neie encountered j the defect then inea'^uvcd 2.3 cm. AVitli flexion of the 
elbow end to end sutuic could bo performed without undue tension. 

The specimen (Pigs. 1 and 2) was reported as a neuroma in continuity. Histologic 
examination recealed dense fibrosis at the rone of suture; neuroma formation; .sliglit regen- 
eiation of nerve fibeis across tlie .iunction into dist.al tubules still in a dogeneiuiice resorp- 
tive phase; edema; and slight ondoneuinl fibrosis in the most distal section. 




m 3— Gross specimens sbowine coaptation sutures removed at deftmtive 

cases, note tlie relatively normal appearance of the proximal and 


neut orrhaphj 
distal ner\e 


Com HicJit.— Except for tlie failure to mention in the overseas (field) medical 
record that a coapling sutitre had been placed in the epineurmm of the almost 
coinplelely severed nerve when debridement was done the day after injury, the 
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liandling of tliis ease appears 1o have been excellent. The badly injured nerve 
was approximated with a temporary suture so placed as to cause no additional 
damage to any of the nerve fascicles later to be approximated at definitive 
surgery. Two months were permitted to elapse before secondary nerve suture 
was done, a period of time which was not excessive judging by the nerve ends 
attained after resection of the lateral neuroma and of a 2.5 cm. length of the 
suture line. The fascicles at both ends were large and edematoms, but only a 
minimum of epineural and intraneural scanang had occurred. Eetrogi'ade de- 
generation had occurred in some fibers for a distance of at least 1 cm. from the 
point of severance, and many clusters of regenerating neuraxes had already 
formed. The distal tubules were still widely patent, and the endoneural collagen- 
izing process which had begun was slight. The relatively few and sparsely dis- 
tributed amyelinated neuraxes which had grown into the distal nen'c segment 
were ample to transmit the electrical impulse applied at surgery, but this finding 
was properly interpreted and disregarded by the surgeon, whose decision to 
perform total resection was based upon the apjiearance and consistency of the 
lesion and the obscurity of the overseas record in respect to whether or not 
true suture had been performed. The motor deficiency played less part in the 
decision because the time lapse was only two montlis. 

The eventual favorable course of events in this case indicates to some extent 
the method of treatment to he applied when perijiheral nerve division is vis- 
ualized at the time of wound debridement. This point will be emphasized later 
by reference to the high percentage of failures which follow more ambitious pi’o- 
cedures at this time. A coaptation suture, if it is feasible, retains the peripheral 
nerve structures in recognized tissue planes, and well documented pathologic 
.studies suggest that it delimits the extent of secondary resection of pathologic 
tissue necessary to achieve a satisfactory definitive suture. The histologic status 
of the distal segment in this ca.se should be compared with the advanced de- 
terioration present in Case 11 (Figs. 9 and 10), which must be considered a 
barrier to full regeneration. 

Nerve Suture With Nvhridement ; Brror in Tissue Identification 

Case 4 (PNR 16, W. R. G. H.). — A soldier sustained a shell fragment wound of the 
posterior aspect of the right thigh, with injurj- to the sciatic neiwe, July 13, 1944. When 
debridement was done an unspecified “suture” of the exposed sciatic nerve was also done; 
this may have been a coaptation suture. The dubious clinical history and the lack of any 
descent of Tinel’s sign were regarded as sufficient indications for re-exploration, which was 
done Oct. 3, 1944. Tlie distal segment of the sciatic nerve was found to have been sutured 
to the tendon of the semitendinosus muscle. End-to-end anastomosis was carried out, and 
assessment June 21, 1943, suggested beginning regeneration. 

Exploration of Lesion in Continuity at Delayed Wound Closure; Assumption of Spontaneous 
Segeneration; Failure of Segeneration Thirteen Months After Injury 

Case 5 (PNR 262, B. G. H.). — A soldier received a bomb fragment injury of the middle 
third of the left forearm May 8, 1944, with injury to the median nerve. At delayed wound 
closure exploration of the median nerve injurj' suggested, on the basis of gross examination, 
that spontaneous regeneration was possible, and no operative procedure was carried out. 
Observation over a period of tliirteen months showed no evidence of neural growth througli 
the point of injury. Exploration was therefore carried out June 27, 1945. Stimulation of 
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tlie aistnl segment elicited a minor seusoiy rcspoubc but no evidence of motor function, and 
resection of 30 cm. of neural tissue was nceessiiry before normul-nppcaring nerve tubules 
could be secured for definitive suture. 

Comme-nt . — Failure 1o recognize pathologic changes in a freshly injured 
nerve, even though such changes may progress to extensive neuroma formation, 
is not a measure of a neurosurgeon’s ability. In 45.9 per cent, of the clinically 
complete nerve lesions Avhich Avere explored in the neurosurgical centers of the 
United Kingdom the nerve appeared in continuity. The import of the failures, 
however, which numbered only two in this partienlar scries of forty-four fail- 
ures, is the need for a clear operative note and the necessity of following with 
scvupnlons eare the clinical course of all nerve sutures performed overseas. 

A. 



Pi-, i 

lierfoniH •. i,u 
months li u:. 
the epin. 
ere gray, O;.- 


' * ■*» A:‘ section of anastomotic site of neurorrhapliy 

■ -.i !;<• ol injury, removed at secondary neurorrhaphy seven 

I:.- (!•. .; section represents the proximal nerve segment, from which 

• .! s ',l scar tissue and adhesions has been removed. The nerve fascicles 
:ai' tissue white. Black sutures are seen within the nerve. B. Median lonci- 


leU " through the _ suture site, w^i proximal fascicles on right, distal fascfcles bn 

uiil. suture line fibrosis, sutures, and neuromatous proliferation in mid-segment. Ad- 
lierent muscle and scar tissue are seen in lower right (XS-tS). seBnienc. Ad- 


A^erpc Suture (Coaptation Suture?) With BcbriAement; Suture Line Ne^iroma 
Case 6 (PNB 218, H. G. H.). — A soldier received a shell fragment wound of the right 
tlfigh Oct. 2Ci, 1944. Debridement and primary suture (type not specified) of a completely 
divided sciatic nerve were done the same day. Re-exploration was carried out May 24, 1945, 
because of the absence of any clinical evidence of regeneration. 
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stimulation aftoi tlie sciatic ncivc liail been ])icke(l up jiroxinially and distally elicited 
neither motoi nor sensory response. The neivc was then freed fiom a lied of dense scar 
tissue and a neuroma in continuity uas identified. The lesion nas resected and the stumps 
were cut back serially, a gap of 4 cm. being present nhen healthy tubules weie reached. 
The branches of the sciatic nerve to the hamstiings and biceps femoris Mere similarly cut 
back to healthy tubules because they came off the parent neuo at the point of neuroma 
formation. Mobiliyation of the knee joint was difficult because the patient, .seien necks 
eailier, had had a bone graft of the femur and had been in traction since. 

The specimen (Fig. 4) slioned a neuionia in continuity. ^Microscopic examination of 
the ner%e segment, including the site of the initial neuron hajiliy, shoned; (1) Proximally, 
huge nuinbeis of regonoiating anij’clinated nenraxes, ehiefly iii elusfers, in tuhules nhieh 
had undergone complete retiogrado degeneration and in tiie proliferated eiidoneuial network; 
dense epineuial and interfascicular scar tissue; intrafaseieiilar edema. (2) Medially, foreign 
body reactions around intianeurat silk sutuies; at the siituio site a fibrous neuromatous 
leaction in wliich multiple small rogeuerated ncr\c bundles bad been compressed by collagen- 
ous tissue; degeneratne clianges in some of tliese ncive fillers; a thick epinoural “rind” 
containing neciotic muscle fibers, neuromatous bundles, and scar tissue; penetration of small 
nerxe bundles and individual fibeis through .sear tissue into degenerated distal fascicles. 
(3) Distalh, small aberrant interfaseicular nerve bundles embedded in scar tissue; complete 
tubular degeneration within the fascicles, with clusteis of anneliiiated fibers regenerating in 
old tuhules iii the pioliferated ciuloiieuial fibrous network; intrafaseieiilar edema. 

Nene Sniitrc Trit/i D<'hudcmcnt ; .Ifrt.s.iic Wound Infection 

Care 7 (PNR 247, 0. P. 0. II.). — A soldier received a rifle bullet wound in the right 
popliteal space Dec. 4, 1044, with injui-;!' of the common peroneal and posterior tihial nerves. 
D6bndement was earned out tlie following day and both neivos weio sutured. The knee 
was placed in 00 degieo flexion. At the end of one week, because of a massive wound infec- 
tion, the cast was lemoved, tlie wound was leopened, and the knee was extended. When 
theie was no evidence of regoneiafion by May 22, 1043, exploration was carried out, on tlie 
indication of the history of infection. A disiuption of tiotli neuial suture lines was found 
and several silk sutures vvere observed in the sepaiate<l nerve segments. 

Nerie Sniure With Dthridcmcni ; Siilutc Line Xeuroma 

Case S (PNR 120, H. G. H.). — A soldiei was iniured Jan. 23, 1043, by nioitar shell 
fiagments which penetrated tlie middle fluid of tlie liglit aim. Debridement and sutuie of 
tlie ladial nene witli black silk weie earned out slioilly affeiwaid. A tender mass which 
developed at the suture site was explored Maj 10, 1043. 

The ends of the ladial nerve were identified in scar tissue. Some sensation thiough the 
old anastomotic site was elicited on stimulation, but no motor function could be produced. 
Tlie anastomotic site was swollen and ncuiomatoiis, and an occasional Idack silk sutuie was 
visible. Resection of the nemoma left a gap of 3 cm. Moderately satisfactory ends weie 
obtained, although some interfascicular fibiosis was present. The distal end was larger than 
the pioxinial, due in part to bianchmg. Secondaiy nerve sutuie was peifoimed. 

Histologic examination of the segment of iieive at the site of primary .sutuie (F)gs. 5 
and 6) was leported as follows; (1) Proximally, lelatively few lightly nijebnated fibers; 
letiograde degenerative clianges in the tubules; numerous fine amjebnatcd and newly mye 
Imated fibers; moderate mtrafascicular fibrosis; maiked extrafascicular fibiosis; fusion of 
fascicles (as noted giossh). (2) Medially, extensive fibious, neuromatous proliferations; 
giant cell, Ijmiphoid, and fibrosing leaction in several regions containing silk sutures; heavy 
seal ring and neuromatous formation in the epineuiium (3) Distally, marked intrafasciculai 
and exti a fascicular fibrosis; complete tubular degeneration with modeiate slirinkage of 
lumina and replacement fiiiiosis; numerous veiy fine amyebnated fibers growing into and 
between degenerated tubules. 
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CoHwaeRi— It is difficult; because of the lack Of exact recording of the 
opei'ation done overseas, to explain the causes of failure in this case except in 
terms of the pathologic changes found. The presence of a suture line neuroma 

A. 



1 “ (Case 8). — A, Gross specimen of bulbous suture line neuroma. A trial section 

lias been made to left of main mass. B, Median longritudinal section showing dense mass of 
neural and collagenous fibers at suture line. Several black silk sutures are seen, not lim- 
ited to the epineurium (XIO.S). 

in a dense mass of sear tissue suggests the possible adverse influence of infection 
and of compression by the healing muscle wound. The marked fibrosis and the 
neuromatous reaction at the suture site suggest pos.sible inadequate resection of 
the damaged nerve segment. The pi'esence of multiple silk .sutures within the 
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neural tissue suggests either poor surgical technique or an alternative ])athologic 
interpretation, namely, that, the presumed definitive suture was merely a coapta- 
tion suture, for which multiple sutures were used. 

A. js. 



o. r>. 

Pig. G (Case 8). — A, Proximal stump showing thickened epineurium with nioder.atc 
perineural fibrosis (x22.5). B, Distal stump showing many small fascicles, with moderate 
epineural, perineui-al, interfascicular, and endoneural fibro.si.s (X22.5). C, Proximal .stunip 
showing relatively few lightly myelinated fibers and numbers of newly myelinated, expand- 
ing fibers. Retrograde degenerative changes have taken place in tubuie-s (XGOO). 2?. Distal 
stump showing complete tubular degeneration with moderate shrinkage of lumina and re- 
placement fibrosis (XGOO). 


Nerve SuUire With Debridement ; Suture Line Ne^iroma > 

Case 9 (PNE 165, H, G. H.). — A soldier sustained multiple rifle bullet wounds of tbe 
lower third of the right arm Dee. 31, 1944. Debridement and suture of the ulnar nerve 
with black silk were carried out the same day. When there was no evidence of regeneration 
by June 11, 1945, exploration was done. 

The incision was carried around the medial epicondyle and into the forearm. Dissec- 
tion exposed the ulnar nerve as it passe.s around this epicondyle. The nerve was followed 
upward into the arm, where it ended in a dense be.d of scar tis.suc about three inches above 



WOODllAIjb AND l.yONS: PKUIl’! UMSAh NKUVK INJUKIICS 


777 


the elbow joint. After it liatl been identified Kuperiorly and freed from the area of scarring, 
a neuroma in continuity was found. , Stimulation above tlio lesion elicited fair sensory but 
no motor response. No response of either kind was elicited below the lo.sion. The flexor carpi 
ulnaria muscle vvas then removed from the cpieoudyle and the nerve was followed downward 
until the ninscular branches in the forearm were exposed. The.se branches were dissected 
into the muscle and upward along the nerve until suflicient length for an ciul-to-end suture 
was secured. The defect then measured 2.5 e.m. The nerve wa.s trnnsplantcd in front of 
the epicondyle and the neuroma was excised; two hlack silk sutuies were found in the center. 



9)- — A, Proximal and distal cross sections and median and external 
sections of anastomotic site; neuroma at suture site. (Higher magniftcation of 
i.„hi cross section in tliis case showed marked atropliy of the neurolemnal tubules with 

replacement endoneural fibrosis.) B. Median longitudinal section showing fusiform neuroma 
m continuity, formed at suture site, and marked foreign body reaction about intraneural 
Muiires 


lli.stologic exiimiuation of the nerve wgiiient at the site of tlie former neurorrhaphy 
(Pig. 7) was reported as follows: (1) Pioximally, many apparently normal myelinated 
fibers; nerve tubules in various stages of degeneration and resorption; nianv amvelinated 
fibers which had regenerated in old tubules or in the proliferated endoneural fibrous networks; 
cpineural and interfascicular neuromatous bundle.^ in proximal cross section ; intrnfascicular 
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edema. (2) Medially, intraneural silk snturcs with marked foreign, body reaction; dense 
fibrosis and neuromatous proliferation of nerve fibers from interrupted fascicles; amyelinatcd 
neuraxes from the suture lino neuroma entering degenerated distal tubules. (3) Distally, 
degeneration of nen-e tubules with resorption of fiber and sheath material and replacement 
ivith endoneural fibrous tissue; fine regenerating, amyelinatcd neuraxes growing into some 
tubules and into a fibrous meshwork in all fascicles; no recognizable myelination. 

Gommenf . — Tlie liistologic evidence in tliis case suggests three important 
reasons for failure: (1) The silk sutures were badly placed, most of them de- 
stroying fascicles directly or giving rise to severe and extensive foreign body 
reactions which involved other fascicles. (2) The proximal and distal stumps 
sutured on the day the injury occurred went on to form granulation and scar 
tissue for some distance from the anastomosis. This process, which cannot be 
determined within a day of injurj', Avas apparently commensurate with the 
degree of travima sustained by the neiwe stumps. (3) The neurorrhaphy was 
performed in a bed which formed adhesions, constricting the nerve and binding 
it to the surrounding muscle and fascia. 

Nerve Siiiure With Dchridemcixt ; Disniptimi of the Suture Line 

Case 10 (PNE 207, K. G. II.). — A soldier received a sliell fragment wound of the left 
thigh Nov. 22, 1944. Debridement and suture of the common peroneal nerve were done the 
following day. He-exploration was done April 24, 1945, for tliree reasons: Tliat primary 
suture of the nerve had been done at debridement, that tliero had been no descent of Tinel’s 
sign over a period of five months, and that there had been no other evidence of regeneration 
during this period. Complete disruption of the suture line was found at operation, and re- 
anastomosis was done. 

Comment . — In sixteen instances of failure of nerve suture done at the time 
of debridement the' operative record, as in Case 9, was vague or completely 
lacking in six cases. In the other ten cases the statement was merely made that 
“suture” or “primary suture” was performed. Pathologic study of the excised 
anastomotic lines in several cases made it clear that the “suture” mentioned was 
merely a coaptation suture. The possibilities inherent in such vagueness make 
clear the importance of describing in detail the method used to repair nerve 
structures. 

The gross and microscopic changes in the anastomotic sites and adjacent 
nerve segments in these cases demonstrated Avithout much doubt that a coapta- 
tion suture, whether intended as such or as a primary suture, liolds the nerve 
trunk in a relatively normal position in the extremity and therefore reduces tlie 
degree of resection of pathologic tissue necessary Avhen secondary neurorrhaphy 
is done. The combination of these factors permitted definitive suture in every 
instance in this group after routine measures for overcoming the defect had been 
employed. 

In five instances a Avound infection of varying degrees of severity clearly 
played an important role in the destruction of the initial suture line, and also 
delayed the performance of secondary neurorrhaphy. 

In the three cases in this group in Avhich detailed pathologic studies of the 
anastomotic sites and nerve segments were possible, the time interval betAveen 
initial injury and definitive suture was, respectively, five, five and one-half, and 
seven months. In each of these eases the nerve segments exhibited degenerative 
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changes incompatible witli maximal nerve I’egcncration. As a result of inade- 
quacy of records, the presence of infection, and other causes influencing failure 
which can only be surmised from a study of individual cases, the average time 
for final repair in all sixteen eases in which primary nerve suture had been at- 
tempted at the time of debridement was 4.9 months. This interval is much 
longer than it should be, but it can be .said faii’ly that it re])resents at least a 
minor triumph for the neurosurgeons who were evaluating this ty])e of case for 
the first time. 


Q 




jiH!liinj!iH|iiii|iiiH!m|iii!jiiii|!nij!iimi 

METRIC 12 3 4 5 


9).--Othei examples of gross appearance of deSnitive nen^e sutuie sites 
uperauons performed at time of ddbridement and removed at secondary neui orrhaphy. 


It is interesting to note that the conclusions drawn from this study of 
coaptation and primaiy svxture at the time of debridement, as well as the rela- 
tion between total procedures and failures (Table XII), are in strict accord 
with the experiences of overseas neurosurgeons. 

Coaptation Nerve Suture TTith Delayed Wound Closure; Definitive Suture One Hundred Five 

Days After Initial Injury 

Case 11 (PNR 225, H. G. H.). — A soldier sustained a land mine fragment nound of 
the left arm Dec. 28, 1944, resulting in a compound, comminuted fracture of the loner tliird 
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of the left liuinerus (ind immediate paralysis of tlic left, radial nerve. Internal fixation of the 
fractured liumerus, with a wire loop, and delayed wound cdosure were carried out Jan. 1(3, 1945. 
The distal and proximal segments of the injured radial nerve !)eing visualized in the course 
of the procedure, tliey were eoapted with a single white cotton suture and were surrounded 
by fibrin film. The operative note was vague as to the details of the procedure (they were 
.“ecured from subsequent, study of the specimen) and for thi.s reason, when no evidence of 
regeneration had occurred by May 23, 1043, re-exploration was c.arricd nut. 

A. 



B. 

Fig. 9 (Case 11). — A, Proximal and distal cross sections and median longitudinal sec- 
tion of radial nerve described as "almost completely severed," which was sutured with a 
single centrally placed cotton suture and wrapped in ftbrin dim nineteen days after severance 
by land mine fragment. Dense scar tissue reaction around white suture in junctional zone 
and greatly tliickened epincurium was observed at secondarj- neurorrhaphy four months 
after the first operation. B, Median longitudinal section through suture line neuroma. Note 
fibrous encapsulation of fibrin film in thickened epincurium at proximal end (Xl®-5). 


Stimulation of the radial nerve after it had been picked up proximally and distiilly 
produced no motor or sensory response. The nerve was freed from an extremely dense sear 
tissue bed and a neuroma in continuity was identified just above the bifurcation of the radial 
nerve into its deep and superficial branches. The brandies to the brachioradialis and extensoi 
carpi muscles were presumed to have been shot away at the time of injury and to have been 
replaced by scar tissue; at any rate, they were not visualized. The deep and superficial 
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brandies ivero traced distally to permit mobilization of the nerve, after wliidi the neuroma was 
excised and the stumps were cut bad? serially until reasonably liealtby-looUing tubules were 
reached. The ga^i after surgery was 3.8 cm. 

Histologic examination of the segment of nerve containing tlie .suture line (Figs. !) 
and 10) showed marked generalized intmfasciculur and interfascicular fibrosi.s; foreign body 
reactions to suture material and fibrin film; neuromatous proliferation at tiie .iunctional zone; 
proliferating neuraxes choked in endoneural fibrosing reaction in the proximal .and disf.al 
fascicles. 

Comment . — It is difficult to detevinine iii this case wliotlier t.lio re])air was 
intended to be definitive. The crude suture technique suggests that it was not, 


A. 



(Case 11). — A, Proximal cross .section representing end sutured at second 
flnvt Vr tissue "rind” over epmeurium, in ivhich fibrin film remnants appear 

fascicles have become merged in the two large groups ( x22.5). B, Distal cross 
'nTm representing end sutured at secondarj- neurorrhaphy. Note generalized fibrosis within 
i c^“"'l^tascicles. and (dark) fibrin film remnants in epineurai scar tissue and adhesions 
nile Cross section of proximal fascicle showing clusters of regenerating branching 

'uuny of which occupy old degenerated myelinated tubule. The myelin sheath 
iiamework is still present in some cases. Note the group of fine neuraxes around the sheatli 
tir.n *1 nerve, and the edema and slight endoneural fibrosis (X600). D, Cross sec- 

ilncon ^t®tal fascicle showing flbrotic perineurium, marked endoneural fibrosis, tubular 
i-onti und .siirlnkagp, and a few regenerated amyelinated neuraxes, some cut tan- 

imauy ( X600). 
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but tlie ■wi’apping of the nerve, as well as the interval between injury and opera- 
tion, suggests that it was. The operative record made no mention of resection 
of the stumps and implied that a connecting strand might liave been left be- 
tween them. On the other hand, the narrow zone of sear tissue separating the 
proximal and distal fascicles makes it highly probable that the ends were cut 
back. The insult induced b 3 ' the sutures and by the dense contracting epineural 
scar is the obvious, but not neeessarilj' the only, contributoiy cause in the fail- 
ure. The possible part plaj’ed bj" temporary ischemia, the possible stretch fol- 
lowing fracture of the humerus, and the orthopedic manipulations should also 
be kept in mind. 

Secondary neurorrhaphj’ was amphv ju.stified in this ease for several reasons, 
including (1) the complete lack of myelination of the sparsely regenerated dis- 
tal fibers; (2) the almost total lack of mj-elination even in the proximal fas- 
cicles, in spite of an attempt at regeneration in the midst of endoneural fibrosis; 
(3) the stationary Tinel sign; and (4) the negative response to direct faradie 
stimulation when operation was performed. 

This case, together with two other similar cases in the series, illustrates 
failures of definitive nerve suture at the time of delayed wound closure. While 
the number of favorable results obtained by neurorrhaphy at this time has not 
j’-et been determined from analysis of the Registry reports, the indications against 
it in respect to time are not far removed from tliose against primar.v neuror- 
rhaphy with wound debridement. If nerve ends are visualized 'at delayed wound 
closure, they should be coapted, but the procedure should end there. The neu- 
rologic and operative notes should be wi'itten in detail, and eventual solution 
of the problem should be deferred until wound liealing is complete. 

Nerve Suture Forty-seven Days After Injiry; Suture Site Neuroma; jlNnor Error in 

Tissue Identification 

Case 12 (PNR 50, H.G. 11.). — A soldier sustained a sliell fragment wound of tlie 
popliteal space Dec. 27, 1944. Delayed wound closure was done Deb. 2, 1945, and exploration 
of the neive injury was carried out ten days later. According to the operative note, the deep 
and superficial peroneal nerves were sutured, but the ends of the superficial nerve could not 
be fully approximated because of a defect, the extent of which was not stated. Ee-exploration 
was carried out April 18, 1945, because there liad been no evidence of regeneration. 

An incision was made about 15 cm. above the popliteal space. The common peroneal 
nerve was picked up proximally as it lay medial to the biceps tendon. Stimulation elicited 
no motor response. The neiwe was traced proximally to its point of origin from the sciatic 
nerve, which was freed up proximally to the proximal point of the incision, and distally to 
the point at wliich it had previously been wrapped in tantalum foil. A thin fibroblastic mem- 
brane was observed around the foil. The nerve was picked up distally below this level. Wien 
the foil was removed, the sural nerve beneath it was found to have been wrapped separately 
with another cuff of the same material. When this cuff was removed, anastomotic sites in 
the common peroneal and sural nerves were seen; apparently these nerves had been mistaken 
by the first operating surgeon for the deep and superficial branches of the common peroneal 
nerve, for the overseas record stated that these branches had been sutured. The anastomotic 
sites, which were densely scarred by neuroma formation, were resected and the stumps of the 
common peroneal nerve were cut back serially until satisfactory tubules were reached, the 
resulting gap being 4.8 cm. Neurorrhaphy was then done. 



WOODHALL, AND LYONS: PKIUDHUKAL NJCRVIC IN.JURIKS 


783 


Microscopic examination of flie anastomotic site (Fig. 11) sliowed fibrosing reactions 
around the suture sites; neuromatous proliferation in the proximal and medial segments; 
random, scanty proliferation of aniyolinafcd neuraxes info distal degenerated tubules; cpincural 
scarring. 

Comment . — The error in recognition of the point, of the main bifurcation 
of the common peroneal nei'vc makes it unlikely that the first nerve sutiu’e in 
this ease was performed by a trained nenrosurgeon. In addition, tJie biopsy 
findings were not suggestive of any neurosurgical aptitude. The fine tantalum 
sutures which should have' been placed in the epincurium were found in the 
neural tissue proper,' and the sling stitch (whicli wtis obviously ttnnccessaiy at 
the first operation, since it was not required at tlio second, after I’csection of 


A. 




(Case 12) — A, 
t ons Uirough site of former 
sutures m fascicles just deep 
flattened in center of 
section through region shown 
peuroma and scar tissue 
Of distal end and epineurlum 


Proximal and distal cross sections and three longitudinal sec- 
neurorrhaphy. Upper two sections show Q.0Q3 Inch tantalum 
to epineurium. Lower section shows 0.005 inch tantalum sling 
nerve and crossing fascicles obliquely. B, Median longitudinal 
m lower section of A. Proximal fascicles at left end in suture 
around rents made in removing tantalum wire. There is fibrosis 
has become thicRened under tantalum foil (X8). 
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approximately 5 cm. of tissue) inflicted serious trauma, and. toKother -with the 
other misplaced sutures, induced so severe a fibrosiiifi reaction fiiat only negli- 
gible regeneration occurred across the scarred aimstomosis. The Abel's which 
grew into distal tubules showed no sign of myelination after 3% months. 


A. 




B. 

Big. 12 (Case 13) — A, Jtoentgenologic demonstration of sutuie site in seiatic nerve 
division, showing Hide separation of metallic sutures. B, Disruption of sciatic nerve suture 
■ivitli scar tissue tn gap hetneen disrupted nerve ends. (Courtesy of Dawson General Hospital.) 

A^erre Suture Fifty one Days After Injury; Suture Line Disruption 
Case IS (PKB 284, L. G. H ). — A soldier was injured by sliell iragments Jan. 6, 1945, 
sustaining a sciatic nerve paral) sis. End to end anastomosis n as done in the mid-thigh Eeb. 
26, 1945, by means of a stay suture of tantalum (0.005 luch) and epineural sutures of the 
same material (0.003 inch). The e.vtrenuty nas maintained in flexion only two weeks and 
extension was developed rapidly Be exploration nas done April 19, 1945, because no evidence 
of regeneration had occurred and because roentgenologic examination of the suture site dis- 
closed marked distortion of the uire sutures (Pig. 12). A typical suture line disruption, 3 cm. 
long, was found, and resection of 9 cm. of tissue was necessary before nerve segments free 
of scar tissue and suitable for secondary nerve suture nere reached. 
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Nerve Sulure Fifty-seven Bays After Injury; Suture Line Bisruption 
Case 14 (PNE 33, W. E. 6. 11.). ~A soldier wa.s injured l).v a poiiet rating slioll frag- 
ment June 11, 1944. Following dfibrideiuciit and delavcd wound I'lo.'^iirc, end-to-end ann.s- 
tomosia of the common peroneal nerve was done Aug. 7, 1944, by means of tantalum epineural 
sutures and a tantalum foil cuE. During the cour.se of evaluation in the Zone of the Interior 
the patient stated that the knee joint had not been immobilized in pla.ster following neuror- 
rhaphy. Assessment Oct. 21 and Nov. 23, 1944, revealed no evidence of regeneration, and 
roentgenologic examination disclosed an apparent separation of the tantalum epineural sutures 
with loss of the usual orderly outline. Exploration Nov. 23 disclosed a typical suture line 
disruption, and resection of 6.3 cm. of pathologic tissue was necessary before end-to-end 
suture could be accomplished. 

Comment . — The eases cited in this group are typical of the operative find- 
ings at re-exploration in sixteen nerve .sutures iierforined at varying intei’vals 
after debridement and delayed wound closure. In the group were ten suture 
line disruptions, five suture line neuromas, and one instance of firm constriction 
of an anastomosis by a circumferential wire suture. Three of the disruptions 
were recognized by the presence of a disorganized suture line on roentgenologic 
examination, and there is little doubt that all might have been diagnosed if this 
measure had been used routinely. 

Unequivocal evidence existed that five of the suture line disruptions were 
caused by inadequate postoperative immobilization or by failure to immobilize 
the extremity at all. In two instances disruption occurred in patients in whom 
the original operating surgeon stated that suture had been accomplished under 
undue tension. The factors responsible for suture line neuromas are not so 
clear cut, but it is reasonable to assume that they include tension, postoperative 
stretch, insufficient resection of pathologic nerve tissue, and poor suture tech- 
nique. 

On the other hand, the small proportion of failures found in the large 
number of neurorrhaphies performed after delayed wound closure, witliin the 
time interval favorable for nerve regeneration, is a tribute to the skill and 
judgment of the neurosurgeons who cared for these patients. In many of the 
failures the history of inadequate mobilization suggests that the inadequacy 
was accidental rather than that there was any deliberate intention of shortening 
the period of immobilization. Furthermore, suture disruption is a possibility 
even in favorable cases; the Registry has records of at least two cases in whieli 
the accident was recognized while the extremity was still immobilized. The- 
oretically, maximal strength of the suture site is attained in twenty-one days, 
but several of these cases suggest that it might be wise to control and maintain 
immobilization beyond this period. 

Nerve Suture Fifty-one Bays After Injury; Premature Unnecessary Me-Fxploration 

Case 15 (PNE 95, N. G. H.). — A soldier was injured by a bomb fragment Nov. 28, 1944, 
in tlie upper third of the thigh, with resulting complete sciatic nerve paralysis. B.xploration 
Jan. 18, 1945, disclosed complete division of both nerve components, and end-to-end anastomosis 
was accomplished with tantalum epineural and stay sutures. IVhen evaluation was carried 
out in the Zone of the Interior May 3, 1945, the patient volunteered the information that 
immobilization of the knee joint had been maintained only two weeks. Eoentgenologie ex- 
amination of the suture site revealed no abnormalities, but there was no descent of Tinel 's 
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sign at this time, and re-exploration tvas therefore carried out March 27, 1945. The suture 
line was grossly normal and electric stimulation of the distal segment elicited a strong sensory 
response. 

Faihire of Overseas Autogenous Graft, With Slough of Engrafted Tissue; 
Sccotularg Neurorrhaphy 

Case 1G (PMB 29, W. R. G. H.). — A soldier received a shell fragment wound of the 
right arm Oct. 2, 1944. After efforts to decrease the neural defect had failed, an autogenous 
cable graft 5 cm. long was taken from the lateral femoral cutaneous nerve and was inserted 
in the ulnar nerve ISTov. 16, 1944. When the patient was .seen in the Zone of the Interior 
Dec, 14, 1944, the operative site was tender to palpation. Later the graft sloughed. The 
draining wound was debrided Feb. .1, 1945, and .secondary neurorrhaphy was aecompli.shed 
March 15 by mobilisation, further tran.splantation, and joint posturing. The defect after 
surgery was 7.4 cm. 

Nerve Suture Sixty-two Days After Injury; Development of Pseudoncuroma From 

Crumpled Tantalum Foil 

Case 17 (P14II 140, 17. G. II.). — A soldier xvas accidentally shot in the right forearm 
July 3, 1944, End-to-end anastomosis rvas accomplished September 5 by meams of epineural 
tantakmi sutures, after which the suture site was wrapped with a cuff of unsutured tantalum 
foil. Evaluation in the Zone of the Interior April 10, 1945, revealed no clinical evidence of 
regeneration, A large, tender mass, assumed to be a suture line neuroma, could be palpated 
at the suture site. Exploration April 16 disclosed a mass of crumpled foil closely adherent 
to the suture site, which itself appeared fairly normal. Stimulation of the exposed distal 
segment produced a strong sensory response. 

Nerve Suture Ninety-two Days After Injury; Infection With Protrusion of Tantalum Foil 

Case IS (PNB 157, L. G. H.). — A soldier was wounded in the left knee by a mortar 
sliell fragment June 6, 1944. End-to-end anastomosis was accomplished Sept. 6, 1944, by 
means of epineural tantalum sutures, after which the suture site was wrapped in unsutured 
tantalum foil. A portion of the suture line over the fibular head was obsen'od to be abraded 
Oct. 15, 1944, and soon afterward purulent drainage developed and persisted until spontaneous 
extrusion of the tantalum foil. Healing was then rapid. By March 28, 1945, Tinel’s sign had 
descended 12 cm. and sensory recovery was rated S,. 

Comment . — The eight eases in the group of failures due to miscellaneous 
causes represent three subsidiary phases of early nerve suture which will he 
developed in later reports from the Peripheral Nerve Registry. They are of 
minor importance in the general evaluation of tliis plan of treatment. 

The three instances of nerve grafts in this gronp are of little value except 
for the opportunities they offer for academic neuropathologic .studies. Since 
many overseas early nerve sutures in which the suture line ^vas surrounded by 
a tantalum sheath are regenerating normally, a Registry analysis of such cases 
at the present time can do little more than state that fact and present valua- 
tions “from the expected progress of regeneration for wliieh, as in the cases cited, 
the presence of the sheath might be responsible. Case 15 represents the impor- 
tant group of cases, already commented on several times, in which unnecessary 
secondary exploration must be done in the absence of adequate data concerning 
previous details of the case. 

.SUMMARY AND CONCbUSIONS 

A study of a group of peripheral nerve injux'ies registered at various times 
over a twelve-month period in .some nineteen separate neurological centers can 
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indicate at the best only a {jeneral trend concerning tlie value of early nerve 
suture as a therapeutic method, and the trend can lie expressed only in terms of 
progress toward regeneration or failure of regeneration. A more complete eval- 
uation will be possible as tbe time interval after o])eration lengthens and, more 
partieularly, when the regeneration of special nerve injuries is studied. Such 
analysis are now in progress and will be reported as promptly as possible. 

Certain statements, however, may be made at this time and certain con- 
clusions may be drawn from the material analyzed to dale. With due regard 
for the difficulties listed in the maintenance of a peripheral nerve registry, this 
preliminaiy survey of the results of early nerve suture indicates that neural 
regeneration tends to progress satisfactorily after early nerve suture. Both 
statistical and hand analyses of Registry reports give substantial proof that 85 
per cent of the 450 to 649 patients studied over a twelve-month period have 
demonstrated progressive descent of Tinel’s sign and have also shown evidence 
of motor and sensory recovery. That this problem of military ueurosurgeiy 
has been brilliantly solved is further proved by the fact that over 90 per cent 
of the patients received definitive surgery within the favorable three-month 
period following injury. 

While the preliminary statistical analysis of regeneration in nerve injuries 
over so brief a period of observation is unsatisfactory in so far as end results 
are concerned, analysis of failures or of variations from the normal course of 
regeneration is simple. The neurosurgeon responsible for the patient’s rehabili- 
tation readily identifies such failures by the employment of certain diagnostic 
measures and by a study of overseas records for factors which might adversely 
influence regeneration. His approach to the problem is modified bj’’ : 

1. The possession of, or the lack of, unequivocal information concerning the 
type and technique of suture; the presence or absence of previous infection; the 
extent of postoperative immobilization; the occurrence of postoperative accidents, 
such as falls or fracture of the cast; and possible ill-considered manipulation 
of the extremity. The patient submitted to nerve suture overseas and later 
transferred to the Zone of the Interior arrives under the distinct but unavoidable 
handicap that there has been a break in the continuity of observation and treat- 
ment. Transfer to a new professional environment is facilitated if he is accom- 
panied by detailed neurologic and operative notes concerning his previous course 
and is handicapped if he arrives without such data. 

2. An appreciation of the tcclmical aspects of suture done at the time of 
debridement or at the time of delayed wound closure as compared with suture 
done during the later stages of wound healing. 

3. The use of all possible diagnostic methods during the period of observa- 
tion, including roentgenologic obsenmtion of the suture line. 

4. An attitude of deep suspicion of the clinical course of all patients in 
whom continuity of treatment has been interrupted by the necessity for evacua- 
tion. , 

The data derived from this preliminary study of the records of the Periph- 
eral Nerve Registry permit certain conclusions which will be of use in the evalua- 
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tion of eai'ly nerve suture if military necessity sliould a^ain demand its use and 
■which are readily transferred to the civilian practice of neurosurgery. They 
may be stated as follows: 

1. The pereentaije of failures is far ”:reater when nerve suture is performed 
at the time of debridemejit than when it is deferred until after delayed wound 
closure. The results of this .survey and of concomitant pathologic investigations 
fully substantiate the directives whicli were i.ssued during the war decrying 
primaiy nerve suture and recommending only coaptation or protection of divided 
nerve ends when initial debridement of tlic wound was done. 

2. While failure of nerve suture done at the time of delayed wound closure 
has not been found in many cases in the Rcgisti-y material, it has not yet been 
possible, either, to identify all the successes which may luivc followed nerve 
suture at this time. Tlie evidence now available suggests that primary suture 
is of dubious value at the time of wound revision and that coaptation suture is 
the procedure of choice when it is poasiI)lc. 

3. Pathologic studies of eases in which coaptatioii .suture has been done 
show \vithout much doubt that such a suture, if projierly applied, does not in- 
crease neural damage at the point of severance or in cither segment, while at 
the same time it prevents retraction of the nerve, which it maintains in its normal 
anatomic plane. Since the length of the resected coaptation .suture .site is the 
only gap to be reckoned with at the time of definitive re])air, nerve end retraction 
having been prevented, wlnitever teclinicjue is appi'opriale for coi’recting the 
defect can be applied readily. 

4. Failures in nerve suture performed after delayed wound closure are in- 
frequent and can be traced to two main causes, namely, inept surgical technique 
and inadequate mobilization, or no immobilization at all, of the e.xtrcmity after 
neui'orrhaphy. In the forty-four failures .studied there Avere si.xteen suture 
line disruptions, nine of which were directly attributable to improper mobiliza- 
tion of the extremity, and seventeen suture line neuromas, Avhich variously dem- 
onstrated the adveree effect of infection, intraneural .sutures, tension on the 
suture line, an unwise selection of suture material, and incomplete resection of 
pathologic nerve ends. 

5. The correction of failures after early nerve suture includes a sound 
policy of immobilization of the extremity, consonant with function, and the dele- 
gation of repair of the in.juries to competent' neurosurgical pci-sonnel. In the 
latter connection, a small number of errors of tissue identification in this group 
of failures emphasizes again the importance of concentrating nerve injuries in 
neurosurgical centers in Avhich they can be eared for by well-trained neurosur- 
geons. 

6. It is not possible to predict the eventual outcome in a contused periph- 
eral nerv'e visualized at debridement, Avound revision, or exploration Avithin the 
three-month period after injury, llany Avill progi'e.ss to neuromas in continuity, 
Avhich may offer a more Or less complete barrier to regeneration. 

7. Nerve grafting is still a laboratory procedure excejrt Avhen small nerves, 
.such as the digital or the facial nerve, ai'e inA'olved. It should never be resorted 
to as a phase of early nen’e suture. 
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8. Detailed operative records and progress notes are essential in all neuro- 
siu-gieal cases. The nature of the injury, particularly of a contused injury for 
■which no operative repair is done, must, be described in careful detail. Opera- 
tive notes must include a clear definition of tlic type of suture employed in 
terms of coaptation suture, bulb suture, or jn-imary or definitive suture. Failure 
to record carefully the details of cni'ly operative intervention was responsible 
in several cases in this .study for delay of definitive suture and for a certain 
number of unnecessary reex])lorations. In the absence of such details, evalua- 
tion must be ba.sed upon a scruiuilous search for neurologic changes, which must 
be Avcighed against the established expected rate of neural regeneration, the 
local condition of the suture site, and roentgenologic visualization, which is of 
great value if metallic epineural sutui’cs have been used. The incidence of sec- 
ondary explorations is in the last analysis greatly intlucnced by whether or not 
the observer is of a suspicious nature. The lack of positive data concerning an 
earlier procedure is always, in the absence of satisfactory evidence of regenera- 
tion, a logical indication for secondary intervention. 
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DECOMPRESSION OP THE ORBIT 
Jack S. Guyton, M.D., Baltimore, jMd. 

(From the Wilmer Ophthalmdlogical Imtitule of the Johns Eophins University Medical 
School and the Johns Hopkins Hospital) 

D ecompression of the orbit is primarily of value for the reduction of 
severe exophthalmos resulting fi'om endocrine dysfunction. Endocrine 
exophthalmos is most often seen in Graves’ disease, hut it may appear along 
■with “spontaneous” myxedema or even without thyroid disturbance. A recent 
monograph by Woods’ includes a complete review of the exophthalmos of 
primary diffuse toxic goiter. 

Endocrine exophthalmos apjnu-ently results from overproduction of TSH 
(thyroid stimulating hormone) by the anterior lolie of the pituitary gland.-'’ 
An excess of TSH is believed to cause increased water storage in the orbital 
tissues, with consequent exophthalmos. 

There is an apparent exophthalmos in about 65 per cent of patients witii 
untreated Graves’ disease, and in i per cent the exoplithalmic sjmiptoms arc 
out of all proportion to hyperthyroid s>'m])toms.''''’'’ Subtotal thjn’oidectomy 
frequentlj' aggravates exophthalmos in this last group with predominance of 
ocular symptoms, and may occasionally induce severe exophthalmos even in 
patients in whom there was none preoperatively. Contraiy to general belief, 
exophthalmos more often increases than decreases after thyi'oidectomy, the usual 
apparent recession of the eyes being the result of narrowed palpebral fissures 
from relaxation of JIueller’s lid muscles rather tlian an actual regre.ssion of 
exophthalmos.’®' 

Damage to visual function may result if exophthalmic sym]itoms become 
severe. The ocular picture in such cases has been variously termed “malignant 
exophthalmos,”’® “exophthalmic ophthalmoplegia,”'" “progressive exophthalmos 
after thyroidectomy,”” “Graves’ disease with disassociation of hyperthyroidism 
and ophthalmopathy,”’ and “progressive exophthalmos.”’ Pathologically, in 
malignant exophthalmos there is an increase in the weight of all orbital struc- 
tures (muscles, fat, lacrimal gland, etc.) due to increased water storage, with 
progressive hypertrophy and degeneration of the extraocular muscles, scattered 
Ij-mphocytic infiltration, and progressive fibrosis of the orbital structures. 
Clinically, malignant exophthalmos is characterized predominately by increased 
intraorbital tension or resistance to pressure, by edema of the lids and con- 
junctiva, and by palsies of the extraocular muscles. Incomplete closure of the 
lids and impaired nutrition may cause corneal ulceration. The increase in 
retrobulbar pressure may be great enough to cause papilledema and secondary 
optic atrophy. Loss of vision has been reported in scores of cases.”'®® 

The acute or progressive stage of malignant exophthalmos usually lasts 
six months to two years. Lid and conjunctival edema then regresses and, if 
the eyeball has not been lost, there may be slight to moderate reduction of the 
exophthalmos. Fibrosis of orbital structures is permanent, with resistance of 
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the proptosis to manual reduction and some limitation of extraoculav muscle 
function. 

Proposed regimes for medical ti-catmenl of malignant exophthalmos arcj 
numeiwis and mostly of doubtful efficacy. Administration of thyroid hormone 
often seems to he of benefit after .some weeks or montlis, and judicious irradia- 
tion of the pituitary may be followed by some rcgre.s.sion of exophthalmos after 
two or three months.**’*® However, during the acute progressive stage of 
the exophthalmos, visual function is often in imminent danger and treatment 
must be directed at protection of the visual apparatus itself. 

Irradiation of the orbit, resection of cliemotic conjunctiva or of orbital 
fat, and cervical sympathectomy have all been tried, but arc usually ineffective. 
Tarsorrhaphy is of considerable benefit if exposure keratitis develops and if the 
tarsorrhaphy can be performed without too great pressure on the globe. The 
most useful form of tarsorrlm]diy is an Blschnig semipermanent closure of the 
lateral third of the palpebral fissure. After proper dissection the lateral tliird 
of the lower tarsus is sutured heucath the lateral third of the skin of the upper 
lid. With this procedure firm union practically always occurs, a result rarely 
obtained in the presence of exo])hthalmos by sim])le denuding and suturing of 
the lid margins. Temporary lid sutures may be used to cover the cornea com- 
pletely, or the use of ointment and bandage or of a Buller shield may 
give additional protection to the cornea. However, corneal ulcei'ation may pro- 
gress in spite of tarsorrhaphy and other protective measures, and tarsondiaphy 
itself is of no benefit for pressure atrophy of the optic nem'e or for exti'aocnlar 
palsies. Confronted with this not uncommon picture, with imminent danger 
to visual function, more radical surgical intervention becomes imperative. Some 
form of orbital decompression is indicated. 

It is the purpose of this paper to review tlie various methods of decom- 
pression so far employed, and to discuss an improved technique which has given 
eminently satisfactory results. 

HISTORICAL BACKGROUND 

Dollinger^" in 1911 reported a successful lateral decompression of the 
orbit into the temporal fossa in a patient with Graves’ disease and malignant 
exophthalmos. Marked reduction of the exopJithalmos resulted and pre-existing 
corneal ulceration rapidly healed. Unfortunately, Dollinger's report was over- 
looked and no other report of orbital decompression appeared until 1931. 
Tinker^® in 1912 suggested removal of the lateral orbital wall for malignant 
exophthalmos, and in discussing his paper Eagleton suggested removal of the 
orbital roof through a temporal fossa incision, but apparently neither of these 
men actually performed such an operation. In 1931 Naffziger’s first report 
appeared.”" He decompressed the orbit into the anterior cranial fossa. His 
latest report (1938) included tliirty-one cases."" To Naffziger is due credit not 
only for devising the transcranial orbital decompression but for teaching the 
medical profession that orbital decompression can save vision in otherwise hope- 
less eases. Follomng Naffziger’s fti’st report, interest in the course and treat- 
laeiit of metabolic exophthalmos was greatlj’- stimulated. Semmes (1932)"' 
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ulilizod Naffzigev’s decompression in one patient. Botlnnan (1934)‘’- tried 
decompression into the maxillary sinus without efieef, and then sueccssMly 
employed the Naffziger operation on the same i)afient. Swift (1935)’'*'^ reported 
a successful lateral decompression. Scwall (1936)'''' described a technique 
for decompre.ssion into the fiwital, ethmoidal, and maxilhuy .sinuso.s, but had 
perfoi’ined this opei'ation only on eadavens. Ho.scnbaum (1937)-’’''’ added another 
report of a Naffziger deeompi'e.ssion. Ki.stner (1939)"''’ succe.ssfully utilized 
the frontal and ethmoidal sinuses for deeomj)i-es.sion in two patients and de- 
scribed another patient who had a Naffzigcr operation. Niall (1939)”- added 
reports of three more patients o])eratcd upon with the Naffziger technique. 
Spaeth (1939)-'' described a technique of lateral decompre.ssion attributed to 
Shugrue and to IMoran; no ca.se rcpoi-ts were publi.shed, but in a personal com- 
munication Spaeth has summarized the I’esults in five' such cases. Guthrie 
(19'41)^®performed lateral decomprc.s.sion.s in one patient. Daily and eo- 
woi’kei’S'*'' (1942) described two decompressions into the fi’ontal and ethmoidal 
sinuses and a third into the frontal, ethmoidal, and maxillary sinuses. Simpson 
(1942)-'*' performed two other decomprc.s.sion.s iiito tlie sinu.ses. Welti and 
Offret (1942) •" described successful decompressions in three patients by means 
of a temporal incision and decompre.ssion into both the temporal and the 
anterior cranial fossae. Savin (1943)'” added two eases in which Naffziger 
operations were performed, and Moffatt (1943)-" and Bardram (1944)" each 
added one. Adler (1944)''- mentioned one patient who had a lateral decom- 
pression of one orbit and a Naffziger deeompre.s.sion of the other, ajid another 
patient with an unsuccessful decompression of unstated type. Poppen (1944)^® 
described a modification of Naffziger 's operation with an analysis of his results 
in twentj’-eight eases. • 

TECHXIQUE.S AND RE.SU1.TS 

In its early stage,s, 1 mm. proptosis results from an increase of 0.75 c.c. of 
orbital contents. With marked proptosis the ratio decreases to approximately 
1 mm. for 1 c.c.'” Therefore, in decompression of the orbit for marked exoph- 
thalmos a reduction of proptosis by 1 mm. should be expected for each 1 c.c. in- 
crease in effective orbital volume. However*, orbital decompression does not 
affect the underlying metabolic di.sorder, and after the retrobulbar pressure is 
decreased by decompression, still moi*e water storage occui’S within the orbit. 
Thus, the actual reduction of exophthalmos during the acute phase of the disease 
is not as great as the increase in effective orbital volume would indicate. 

The increase in effective volume of the orbit varies directly with the square 
area of bony orbital wall removed and with the retrobulbar orbital pressure, and 
inversely with the resistance of the surrounding tissues and with the cohesion 
or resistance to distortion of the orbital contents. On the whole, the effect of 
decompression is determined largely by the square area of bone removed (except 
w'hen the decompression is performed into shallow sinuses, where the inner 
bony wall of the sinus limits the effect). Also, a small decompression (for 
example, 4 sq. cm.) has very much more relative effect than a large decom- 
pression (for example, 10 sq. cm.) because the progressive decrease in retrobular 
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pressuie results in less protrusion of orbital contents i)ei' square area through 
the larger opening in the bony wall. 

Decompression Into Anterior Crmiieil Fossa. — Naffziger’s original operation 
consisted in removal of as much as ]>o.ssiblc of the superior orbital jdate without 
opening tlie frontal or ethmoidal sinuses, lie u.sed the usual liypophy.seal ap- 
proach, entering the skull througli a frontal Imne fla]), o])ening the dura and re- 
tracting the frontal lobe, and rongeured off tlic roof of the oxbil along witli it,s 
dural lining. This resection of orbital roof was extended to the optic foramen 
■and to the superior orbital fissure, and the periorbita (orlxital ))eriosteiun oi- 
orbital fascia) was opened. Later Naffziger found i-emoval of the superior 
ox'bital plate alone did not always give sufficient decompression, because in one 
instance abnormal extension of sinuses into the orbital plate prevented adequate 
resection of bone. He therefore extended his operation to include resection of 
the lateral bony wall of the orbit almo.sl to the lateral orbital margin and down 
to the inferior orbital fissure, thus decompressing the orbit into the temporal or 
subzygomatic fossa as well as into the anterior cranial fossa. 

Poppen employed a slight modification of Naffziger ’s operation, with de- 
compression of both orlxits during the same operation. His technique consisted 
of a modified coronal incision, bilateral V-shaped frontal bone flaps, extradural 
exposure by separation of dura from each orbital plate to the sphenoidal ridge 
{with retraction of the frontal lobe), and removal of most of the superior and 
latei’al orbital walls. In his earlier cases he not only opened the orbital 
periosteum widely, but divided the fascia through tlie annulus of Zinn. After 
producing extraocular palsies in one patient he thereafter obtained equally suc- 
cessful decompressions without opening the annulus of Zinn. 

Welti and Offret reported an operation similar in effect to that of Naffziger 
and of Poppen but with a different approach. They used an incision beginning 
at the lateral crest of the frontal bone 2 cm. above its external orbital process, 
extending backward and downward across the temporal fossa. A portion of the 
insertion of the temporal muscle was cut and retracted. Trephine openings 
were made (1) through the lateral orbital process of the maxillary bone into the 
orbit, (2) through the temporal bone at its junction with the great wing of the 
sphenoid exposing the dura over the temporal lobe of the brain, and (3) through 
the lateral portion of tlie frontal bone exposing the dura over the frontal lobe. 
These three openings were connected and mast of the superior and lateral orbital 
walls removed by means of rongeurs. 

The technique of Poppen differs from that of Naffziger in two important 
aspects: it is bilateral and it is extradural. Operation on both orbits as a single 
procedure is of undoubted psychologic benefit to the patient, but introduces more 
physical danger. The extradural appi-oach reduces danger of subdux’al hemor- 
rhage or of infection, but thase advantages are offset by increased trauma in 
retraction of the frontal lobe when the dura has not been opened and the 
cisterna magna not evacuated. The leehnique of Welti and Offret offers the 
theoi'etical advantages of an extradural approaeli with minimal trauma to the 
brain. However, this technique has been used in only three eases by these 
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authors, and it is not clear that it gives as good exposure as does the frontal 
approach. 

IMost intracranial decompressions of the oi-bit have included removal of 
the lateral wall of the orbit and consequent decompression into the temporal 
fossa as well as into the cranium. HoAvevei*, it is important that the first opera- 
tions performed by Naffziger, in whicli only tlie orbital roof was removed, 
afforded adequate decompressions. The average area of orbital roof which can 
be removed in the presence of average-sized sinuses is about 8 to 10 sq. cm. 
Thus, it seems probable that a decompression of 8 sq. cm, is general I3' adequate. 

To the seventy -four eases of intracranial orbital decompression previously 
reported may be added four additional cases of Naffziger decompressions per- 
formed bj' Dr. Walter Dandj' in the Johns Hopkins Hospital. In the total 
seventy-eight eases, the decompression was iniilateral in twelve and bilateral in 
most of the remainder. Operation was performed because of actual or imminent 
loss of vision in fifty-nine cases, because of diplopia in eighteen, and for cosmetic 
purposes in one. 

Poiir operative deaths occurred. In all fairness to the intracranial tech- 
nique, it must be recorded that two of these deaths represented attempts of one 
individual neurosurgeon to iitilize the Naffziger operation. In competent hands 
ti'ansci-anial removal of the orbital roof is a relatively benign procedure, as evi- 
denced bjf Dandy’s results in removal of oi'bital tumors b.y this i’oute.'“ 

Three of Poppen’s twenty-eight patients exhibited postoperative sjTuptoms 
of frontal lobe trauma, remaining comatose for j^eriods of four daj's, two Aveeks, 
and four weeks, respectively. All recovered completelj-. 

In the fifty-nine operations performed for actual preservation of vision, 
success Avas attained in all but five of the fifty-five patients aaOio lived. Most of 
these patients had some degree of preoperative corneal ulceration and approxi- 
mately one-third of them had papilledema A\dth visual field defects. -Keratitis 
and papilledema disappeared and field defects improved. Often verj’’ slight 
reduction in measurable exophthalmos sufficed for preservation of vision — 
apparently reduction of retrobulbar pressure being as important as reduction of 
actual exophthalmos. 

Improvement of ocular motility Avas A-eiy rapid in some instances. For 
example, in one of Dr. Dandy’s eases measurements of motility before operation 
and seven days postoperatively sliowed the folloAving improvement: up, 8° 
before and 25 ° after; doAAm, 25 ° and 45 °; in, 15 ° and 45 °; out, 10 ° and 20 °. 

Of the eighteen patients in Avhom diplopia ^vas the presenting sjnnptom, 
relief of diplopia Avas attained in thirteen. HoAvever, disappearance of 
diplopia Avas not alumj^s immediate, often oecuring several weeks to several 
months after operation. 

The usual sequence of events folloAAung operation Avas as folloAA^s: At the 
completion of operation the exophthalmos shoAA'ed considerable immediate reduc- 
tion, AAuth marked decrease in retrobulbar resistance. Within a fcAV hours post- 
operative reaction caiAsed the exophthalmos to again become marked, occasionally 
Avorse than before operation. The postoperative r-eaction subsided Avithin several 
days, AAuth a decrease in exophthalmos of 1 to 6 mm. compared with before 
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operation. Edema of the lids pei-sisled for long periods, often m on ills, but retro- 
bulbar resistance decreased I'apidlj' as the o])erative reaction suksided. Corneal 
iileeration was at times aggravated during the stage of postoperative reaction. 
This could be prevented by lid sutures or tarsoi'rhaphy and a pressure 
bandage, and corneal healing proceeded i-apidly as the exophthalmos subsided. 
Papilledema and visual field changes always receded ra])idly. Limitation of 
ocular movements generally im])roved, often over a period of se^'eral weeks or 
even months. Following the initial improvement in exophthalmos, gradual 
further reduction usually occurred over a i)eriod of months or years. Only 
rarely after the initial improvement did the exophthalmos again ])rogress, even 
though the metabolic phase of the disease was still active. 

Many patients subjected to intracranial orbital decompression experience 
annoying pulsation of the globe synchronous with the heartbeat for some weeks 
or months after operation. This pulsation gradually subsides (Naffziger be- 
lieved because of the formation of a dense fibrous sheath between orbital and 
cranial contents) but in one patient described by Kistner reading difficulty 
continued four years after operation because of the pulsation. 

Demnpression Into Sinuses . — The Sewall operation consists of eradication 
of the frontal and ethmoid sinuses, through a skin incision, with removal of the 
orbital walls of these sinuses and of the mucous membrane lining. The roof of 
the maxillary sinus maj’- also Im removed as far laterally as the infraorbital 
foramen. Orbital contents thus expand into space formerly occupied by these 
sinuses. Effectiveness of the decompression is dependent on the initial volume 
of the sinuses. The operation is relatively simple and should not appreciably 
endanger the patient’s life. A theoretical disadvantage of this operation is the 
possibility of orbital infection, since the operation cannot be perfonned in an 
aseptic field. Also, the operation leaves a visible sear. 

Results of orbital decompression into the sinuses are available in eight 
cases. Unilateral decompressions were performed in four and bilateral in four. 
The operations included the frontal and ethmoid sinuses in six cases, maxillary 
sinus alone in one, and all three sinuses in one. Operation was performed be- 
cause of exposure keratitis in five, because of diplopia in two, and for a cosmetic 
purpose in one. 

In one ease there was considerable postoperative reaction and it was neces- 
sary to reopen the incision two weeks later and drain the wound for one week. 
In the single patient in whom the roof of the maxillary sinus was removed in 
addition to eradication of the frontal and ethmoid sinuses, the globe was subse- 
quently displaced downward and there was partial ptosis. 

The corneas healed in all five patients operated on for exposure keratitis. 
In the six in whom restriction of ocular motility was noted before operation, 
there was improvement of motility in three and no change in three. The 
exophthabios receded markedly in five eases (as much as 5 mm. -within several 
weefe in one), appreciably in one, very slightly in one, and none in the single 
patient in whom only the roof of the antrum was removed. 

A comparison of results of decompression into the sinuses with results of 
intracranial decompression is difficult because of the few reported cases in 
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the former category. In these few cases the results appear about the same as 
those in the intracranial operation. The sinus operation has the advantages of 
being simpler, less dangerous to life, and causing no pulsation of the globes; 
its disadvantage.s consist of its dependence on a moderately large frontal sinus 
for effectiveness, the possibility of orbital infection, and the chance of co.smetic 
disfigurement. 

Decompression Into Temporal Fossa. — Dollinger’s single lateral decom- 
pression of the orbit was performed as follows: A .skin incision extended from 
just above the lateral margin of tlie broAv across the temporal fossa almost to the 
middle tragus of the ear. The fibers of the tem])oral muscle were sectioned in the 
same line and retracted to exjmsc the lateral orbital wall. A Avedge-shaped piece 
of bone Avas removed from the lateral Avail, leaving the orbital margin intact, 
and the exposed area of periorbita removed. Only the skin AA'as sutured, leaving 
a gap betAveen the fibers of the temporal muscle. 

SAA’ift explored the mbit of a patient Avith unilateral exophthalmos by the 
Kronlein route, and AAbcn he found no tumor, simply did not replace the lateral 
bony AA’all of the orbit. His technique con.sisted of a horizontal skin incision 
7 cm. long extending baclvAvard from the external canlhus, separation of orbital 
periosteum from the lateral l)ony AA-all, removal of this Avedge of bone, and open- 
ing of the periorbita. 

Spaeth®" described the technique of Shugrue as folloAA’s: A curved skin 
incision extended from the lateral aspect of the forehead doAA-n across the tem- 
poral fossa. The temporal miuscle Avas cut and tlie external orbital AA’all 
rongeured aAA'ay. Spaeth stated tliat if more decompression Avas desired the 
anterior cranial fossa could also be entered and part of the superior orbital Avail 
removed exti’adurally — a proceduiv similar to that of Welti and Offi’et. 

Heports are available of nine case.s of decompression into the temisoral 
fossa alone. Unilateral decompre.ssions aa'ci’c performed in fiv'e and bilateral 
in four. Operation Avas performed because of exposure keratitis in one, because 
of diplopia in one, because of suspected orbital tumor in one, and for un- 
specified reasons in the remaining six. There Avas rapid and marked regression 
of exophthalmos in eight cases and only transient improvement (2 mm.) in one. 
In this last ease, mentioned briefly by Adler, a Naffziger operation on the other 
orbit likeAvise resulted in only 2 mm. reduction of exophthalmos, and the exoph- 
thalmos on each side again progressed to its preoperative level Avithin tAvo months 
after operation. In tA\-o of the other patients a lateral decompression Avas per- 
foiTued on one mbit and a Naffziger deeompre.ssion on the other; in each instance 
the improvement of exophthahnos Avas fully as gi-eat AAuth the lateral decom- 
pression as AAdth the Naffziger operation. 

These fcAA' I’eports alloAV no conclusions Avith regard to latei’al decom- 
pressions except that it appears to be effectiA’e and is a benign procedure. The 
small danger to life from opening the cranium is avoided, pulsation of the globe 
does not result, and chance of infection encountered Avith the sinus operation is 
avoided. HoAvever, the techniques preA'iously reported leave a visible scar AA'hich 
may at times be quite disfiguring. 
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AN IMPKOVni) TECHNlQUi; 

During the past throe years eight temporal 1‘o.ssa clceoinpressions of the 
orbit have been performed on five patients in the Wilmer Oplithalmological 
Institute of the Johns Hopkins Hospital. The following teehnique has been 
evolved. 



B. 

Pig. 1 — A and B, Skm incision 7 cm long, within hairline. 


General anesthesia, usually sodium pentothal, is used. A cun^ed Rlnn in- 
cision T cm. long, concave forward, is made just within the hairline about 5 
cm. back of the superior temporal orbital margin (Pig, 1). This incision does 
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not extend lower than the middle tragus of the ear. Its exact position is varied 
in individual patients so the resulting slight scar is entirely covered witli Iiair. 
The skin is undermined widely \ip to the lateral orbital margin, care being taken 
not to incise the fascia overlying the temporal muscle. Tiie lateral orbital margin 
is then easily exposed by retraction of the .skin flap. The periosteum is incised 
along the entire lateral orbital margin and extending through tlie fascial in- 
sertion of the temporal muscle to about 1 cm. above the superior temporal orbital 
margin (Fig. 2). The periosteum is then elevated from outside the lateral 
orbital wall and the temporal muscle reti-acted into the T)osterior portion of the 
temporal fossa (Fig. 3). The lateral edge of the zygomatic process of the 
maxilla is rongeured away to afford better exj^osure, and the lateral orbital 
plate is entered Avith a craniotomy i)crforator (Fig. 4). A wedge-shaped section 
of bone approximatelj^ 8 .sq, cm. in area is removed from the lateral orbital 



Fig 2. — Incision of periosteum. 


wall with rongeurs (Fig. 5). The lateral bony wall is removed anteriorly to 
Avithin 2 mm. of the lateral orbital margin, inferiorly to the body of the maxilla 
and the inferior orbital fissure, posteriorly and superiorly to the inner table of 
the great Aving of the sphenoid and to the body of the frontal bone. Care 
is taken not to injure the infraorbital neiwe. Ketrobulbar tissue enclosed 
in orbital periosteum noAv bulges through the bony opening (Fig. 6). The 
orbital periosteum is carefully opened A\dth tAVO horizontal incisions parallel 
to the external rectus muscle, one above and one beloAv the muscle, permitting 
free protrusion of orbital fat. Trauma to orbital tissues from digital palpation 
or from biopsy is avoided. Care is taken to control bleeding completely Avith 
diathermy coagulation before closure is begun. The anterior edge of the tem- 
poral fascia is seAim loosely Avith silk to the edge of the periosteum along the 
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orbital margin at one or two points, but avoiding any appreciable pressure of 
the temporal muscle on the protruding orbital tissue. Tlic .skin incision i.s clo.sed, 
the lids sutured temporarily (Pig. 7) and a pre.s.sure bandage applied over a 



Pig. 3. — Exposuie of lateral bony -wall of orbit. 



P)g. 4. — Perforation of lateral ^\a^l of orbit. 


sponge on the closed eyelids, with only slight pressure over the temporal fossa. 
If exposure keratitis or marked retraction of the upper lid is present before 
operation, an Elschnig lateral tarsorrhaphy and insertion of one or two mattress- 
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type lid sutures is performed before the bandage is applied. The patient is 
allowed out of lied the following day, and the skin sutures are removed five days 
postoperatively (Fig. 8). , , 

This procedure gives an entirely adequate dceompre.ssion. It is performed 
in an aseptic field and docs not endanger any important structures. Postopera- 
tive reaction is amazingly slight, some reduction in proptosis generally resulting 



Fig. 8. — Skin snturt-.s removed Ove days postoperatively. 
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from the very beginning. Continued reduction in exophthalmos results for 
several Aveeks postoperatively, as the slight operative reaction subsides. There is 
no resulting pulsation of the globe and no visilde scar or other cosmetic defect. 

Incidentally, a similar skin incision has been used advantageously for 
removal of a number of orbital tumors tlirougli tlie lateral wall; the visible scar 
so often apparent after the classical Kronlein-®' operation is thus avoided. 

The five patients with lateral orbital decompression operated upon in the 
Johns Hopkins Hospital showed the following results: In all five patients the 
exophthalmos receded from 3 to 7 mm. within a period of three weeks after 
operation. In the two patients Avith both exposure keratitis and extraoeular 
palsies, the keratitis rapidly healed and the motility improA'ed. In one other 
patient Avith diplopia the double vision disappeared within one Aveek. In the 
tAvo remaining patients operations Averc performed for cosmetic reasons and 
because of incomplete closure of the lids. In these patients there Avas marked 
cosmetic improvement, and easy closure of the lids resulted. In three of the 
five patients there Avas preopei-ative edema of the lids, Avhich Avas not reduced 
by orbital decompression. These five eases are hercAvith summarized. 


Pig, 9 (Case 1). — Preoperative appearance. 


CASE REPORTS 


Case l (No. 280005). — E. F., a white man, was, 39 jeais of age. Fifteen months be 
^oro lateral decompression of the orbits, the patient developed classical Graves’ disease iiith 
slight exophthalmos. Eight months after development of s.vmptoms subtotal thyroideetomj 
controlled the thjrotoxicosis, but three months after tlij roidectomy the exophthalmos began 
progressing in each eye. Just prior to the orbital decompressions the conjunctiva of each 




.suRi5i:Ry 


.S04 

eye showed extreme chemosis jiiid piotiiided througli the piilpcbrul li'-stircs (Fig. 0). There 
was almost complete immobility of both globes. There was marked, e.xposure keratitis in both 
eyes. Bxophthalmometei readings could not be taken because of the c.xtrcme chemosis of the 
eonjunctivae. Basal metabolic rate was -Jij. It was impossible to close the right lids 
manually, but the left could be closed with the patient under general anesthesia. A lateral 
decompression was peiformcd on the right orbit, together with an extensixe tarsorrhaphy, and 
at the .same time a paitial tarsnirhajihy was peitoimed on tlic left lids. There was little 
postoperative reaction and within one week there was marked rcgiessioii of rigid exophthalmos. 
Ten days aftei the nght mbit was decompressed a similar procedure was performed on the 
left orbit. Again theie was little reaction and the exophthalmos receded rapidly. Reduction 
of the exophthulnio.s scorned to be about 5 mm. in each eje within three weeks after tlie 
operation and there was partial return of ocular motilitj. Vision before operation was 
limited to light perception in each oje, but Msion rapidly returned and twenty months later 
was 20/30 -1 in each eye. Lid edema disappeared \ory slowly. 

Cask 2 (No. 28.o422) — P. T., a wliito woman, was 44 years of age. One jear prior to 
the lateral decompression ot the mbit, the patient de\oloped classical Graics’ disease with 
moderate exophthalmos. Subtotal tin roidectomj- controlled (he Ihjiotoxicosis but six months 
later the exophthalmos progressed considerably with some edema of the lids and conjunctivac 
and considerable conjunctnal irritation m the left cie. Just prior to the decompics«ion opera 
tion there was still maikod edema of lids and conjunctiia and exopliflialmometer readings were 
E, 24; L, 26.5. Basal metabolic rate was +i0. The left orbit was decompressed and a small 
lateral tarsoirhaphy performed at the same time. There was little postopeiatne reaction. 
Exophthalmomoter readings two weeks after operation were E, 25; L, 22. There was little or 
no immediate reduction of lid edema. 



Fir 10 F,g n. 

Firi: 10 (Case 3 ) — Pn epci .iti\ c appcaianct 

Fig 11 (Case 3) — Appearance twehe ct.us aftei decompiossion of left mbit 

Case 3 (No 331547) — V L., a white man, was 40 yeais of age. Ten yeais before 
lateral orbital decompression, the patient dex eloped unilateral exophthalmos without signs 
of thyrotoxicosis. The exophthalmos inci eased m spite of x lay therapy of tlie orbit. An 
anterior exploiation of the orbit rexealed nothing and a transerania! exploration through the 
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orbitnl roof levenlcd «o tumor ami did not ii«]>rove the csopUtliulinos, but following tliia 
operation there was paralysis of the superior roetua. Six months later tlic patient developed 
signs of thyrotoxicosis. This was relieved Ijy subtotal thyroidectomy but the left, exophthalmos 
remained unchanged. Tlic left eye felt continually irritated and eighteen ihontli.s after 
thyroidectomy a lateral tarsorrhapliy was performed. In spite of this, recurrent irritation 
of the left conjunctiva persisted and the patient remained so embarras.sed about his appearance 
that he wore dark glasses constantly during the next eight years. Just preceding lateral 
decompression of the orbit, e.xoplitimhiiometer readings were I?. 17; L, 23; and there was 
marked limitation of motion of the left eye on upward gaze (Fig. 10). Lateral decompre-ssion 
of the left orbit and repair of the old lateral tarsorriiapliy caused minimal operative reaction 
and within twelve days tlio exophtlialmos had recoded approximately 3 mm. (Fig. 1]). Four 
months after lateral decompression there was only 2 mm. dift'eience in the prominence of tlie 
two eyes. Ocular motility showed no definite increase, but improvement in cosmetic appearance 
was marked. 



Fig. 12 (Case 4). — Preopevative r.p.maranc?. 


Case 4 (No. 351375). — E. H., a white man, was 40 years of age. 5’wo years before 
orbital decompre.ss'.oiis, the patient developed classical Graves’ di.sease with slight exoplithalnios 
and marked elevation of basal metabolic rate. Subtotal thyroidectomy was performed six 
months after the symptoms began. Five days after thyroidectomy the exoplithalmos rapidly 
became extreme, witli inability to close the eyes and development of exposure keratitis. He 
received twenty-one x-ray treatments to the orbits, some of these treatments being given 
With the portal in front of the eyeball. Ten months before the orbits were deoompre.ssed 
tho exophthalmos improved slightly and thereafter remained about the same. Just preceding 
the orbital decompressions exophthalmometer readings were B, 33; L, 35. There was dense 
scarring of the entire left cornea and of the lower half of the right cornea, witli inability to 
close the lids completely in either eye (Fig. 12). A lateral decompression of the right orbit 
gave very little operative reaction, with considerable reduction in exoplithalmos within two 
days. Partial tar.sorrhaphy of the right lids was performed at the time of operation. Two 
necks after the right decompression a similar operation was performed on the left orbit. There 
"as moderate iiostoperative reaction on this side, with no immediate improvement of exoph- 
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thalmos. Fovir weeks after the right decompression and two weeks after tlio left decom- 
pression, there was about 7 mm. recession of the right globe and about 3 mm. recession of 
the left globe (Fig. 13). The lids were partial!}' closed by tnrsorrliaphies and could be com- 
pletely closed voluntarily without difficult}'. Kediation cataract had developed in the right 
eye and six months after the orbital decompres.sions this cataract was removed uneventfully. 
Ocular motility wa.s markedly restricted in both eyes previous to the decompressions, but had 
improved considerably in all directions when the patient uas seen six months later. 



Fig. IS (Case 4). — Appearance four weeks after right decompression and two weeks after 

left. 

C.4SF. 5 (No. 363354). — M. H., a white woman, was 32 }car.-- of age. Six months before 
orbital decompression, the patient developed classical Graves' disease with some exophthalmos 
and a basal metabolic rate of +()“. A subtotal thyroidectomy was performed one month 
after symptoms developed, but basal metabolic rate remained elevated and the exophthalmos 
increased slightly, with considerable edema of tlie lids and conjunctiva. She then received 
unknown amounts of thyroxin, Lugol ’s solution, and thiouraeil for alrao.st three months. The 
basal metabolic rate ranged from -^15 to -f20 with thi.s regime, but there was further slight 
progression of exophthalmos and two months before the deconipre.ssion she developed a pro- 
gressive palsy of the right superior rectus with diplopia in that field. All medication was 
stopped but tlie diplopia continued to increase so she could read comfortably only by closing 
one eye. Immediately preceding decompression of the orbits the basal metabolic rate was 
j-39 and there was almost complete paralysis of the rigid superior rectus. Lateral decom- 
pression of the right orbit caused minimal reaction and both the exoplithalmos and superior 
rectus palsy appeared slightly improved the day following operation. Six days after operation 
the patient was allowed to use both eyes and was able to read comfortably without diplopia 
for the first time in almost two months. One week after the right orbit was decompressed 
a similar procedure was performed on the left orbit, again with very little reaction. Preopera- 
tive exophthalmometer readings were E, 21 mm.; L, 20 mm. Three weeks after the first opera- 
tion exophthalmometer leadings were E, 18 mm.; L, 16.5 mm. Quantitative diplopia fields 
before and after operation showed such marked fluctuation from hour to hour as to be un- 
reliable but appeared to show some average improvement, and the patient no longer had 
symptoms of diplopia unless she looked up and to the right. 
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COMMKXT 

Orbital decotuprossioii is always indicated if exojihtliaimos profrrc.sscs to 
such an extent that there is dansier to vision. Thus, it is indicated without ques- 
tion if papilledema or visual field changes ajipear, or if exposure keratitis 
develops and the cornea cannot easily he protected by means of lateral tarsor- 
rhaphy. 

Use of orbital decompression for dijilopia or inqiaircd motility of the globe 
is subject to some question. Of the eighteen rejmrtcd eases in which opera- 
tion was perfornied primarily for diplopia, the diplopia disappeared in 
thirteen. However, the diplopia often did not disa]ipoar until .several weeks to 
several months after operation and the imju'ovcment may in considerable part 
have represented a remission of the metabolic disorder or gradual readjustment, 
of Hsual function. 

Nevertheless, orbital decompression does at time.s result in immediate im- 
provement of ocular motility. Some part of the change in extraocular niusele.s 
appeal's to be caused by the increased retrobulliar prc.ssure. From a theoretical 
standpoint this is in keeping with the observation that increased retrobulbar 
pressure, induced by the injection of fluid within the orbit, can reduce or even 
abolish ocular movement.''- If retrobulbar pre.ssure is reduced by decompression, 
improvement of ocular motility should occur. 

However, no improvement in motility can be expected if the fibers in the 
involved muscles are completely degenerated and replaced by fibrous tissue, or 
if fibrosis of the muscle is so extensive as to abolish il.s elasticity. Tliu-s, little 
or no improvement can he expected from orbital decompres.sion if the acute stage 
of orbital edema has already jiassed. 

Decompression can be expected to benefit ocular motility most appreciably 
if performed just as tlie muscle palsies are developing. Therefore, decompression 
appeal's to be definitely indicated during the early stages of restricted motility 
in. malignant exophthalmos. 

Use of the intracranial orbital deeompre.ssion for cosmetic purposes lias 
been condemned by numei'ous autliors. including Naffziger and Poppen. The 
appreciable risk to life with the intracranial procedure I'endere this conclusion 
sound, but the same objection does not ’apply to lateral decompression into the 
temporal fossa. Lateral decompression is a benign procedure and usually re- 
sults in considerable cosmetic improvement. IMarked exophthalmos is generally 
disfiguring, and often causes considerable embarrassment if not an actual 
psychosis. I believe lateral decompression for cosmetic improvement is entirely 
justified provided the patient is willing to undergo a major surgical procedure 
for this purpose, aud provided the patient underetauds the opei'ation will not 
relieve lid edema or benefit the underlying metabolic disorder. 

Orbital decompression might conceivably be indicated for extreme proptosis 
from other than an endocrine cause, such as pseudotumor of the orbit, but no 
such cases have been reported. 

SVXIM.VRV 

Ol'bital decompression will usually preserve Hsual function in eases of 
malignant endocrinp evnnhthnlma'; whei’P nthpr measiirps fail to lialt ■nT*nrf T'Oeo-i /'vn 
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o± ocular symptoms It is indicated il' Iheie is exposure keiatitis, papilledema, 
or early palsy ot extiaocular muscles 

The orbit can be decompicssed into the anteiior cranial lossa, the fiontal 
and ethmoidal sinuses, or the temporal fossa. An impioved technicpie utilizing 
the temporal fossa is described This opciation is the least dangerous of the 
various deeompiessions, being extiaciamal, peiloimcd in an asejitic field and not 
endangering any impoilant stiuctuies It leaves no visible scar or other cosmetic 
detect and gives a coiuplctelv adequate decompression. Because of its benign 
nature, its use is lecominended tor patients desiiing cosmetic improicment of 
exophthalmic disfiguiement as well as for those with threatened impairment of 
visual function. 


Rni’ERrxcns 

I. tVoods, A C The Oeului Changes of Piiinaij DifTii'.e To\ic Goitio, Medical Monograph^, 

■Medioine (In pio'is) 

2 SinePei, G K : A Compaiatue Stud\ of E\pernncnt.il and Clinical Exophthalmos, Am 
J. Ophth. 20: 1189 1201, 1937 

Idem Treatment ot Expenmentalh Produced Exophthalmos, Am. .1. Ophth. 21: 1208 
1218, 1938 

Idem. Experimental Exophthalmos, Am. J Ophth. 22: 1201 1210, 1939. 

3. Aird, E. B • Expeiimcntal Exophthalmos and Associated Mxop.ithj Induced by the 

Thyiotropic Extiact, Arch Ophth. 24: 1107-1178, 1910 

4. Means, .1 H , Hertz, S, and Williams, B H.- Graxes’ Disease With Dissociation of 

Tlij rotoxicosis and Ophthalmopathy, TT. A. Am. Phjsicians 56: 67-74, 1941. 

5 Means, J H : The Natmc of Graxes’ Disease With Special Beference to Its Ophtlialniic 

Component, Am. .1 M Sc 207: 1-18, 1944. 

Idem' Diseases of the Th.xroid Gland, Nexx England .1. ^ted. 227: .lOl 602, 1942 

6 Paulson, D. L Experimental Exophthalmos and Muscle Degeneration Induced by 

Thjrotropic Hormone, Proc Staff Meet., Majo Clin. 14: 828 832, 1939. 

7 Baidram, M. T. Progressive Exophthalmos, Acta ophth 22: 1 20, 1944. 

8. Hollox\a 3 -, T. B, Frj, W. E, and Wentxxorth, H A.: Ocular Signs in 100 Unselected 

Cases of Goitre, J. A 111. A. 92: 3.) 42, 1929. 

9. Biam, I Exophthalmos in Exophthalmic Goitre; a Studx of 400 Cases, Am J. Ophth 

5: 609 622, 1922. 

10 Sole}, M H- Exophthalmos in Patients With Vaiious Txpes ot Goitre, Arch. Int. 
Med. 70: 200 220, 1942 

II. Mulvane} , J H.: Th} rotoxicosis in Eelation to Ophthalniologx , Tr. Ophth Soc U. K- 

63: 22 38, 1943 

12 Bundle, P P, and Wilson, C W : Asxnimetry of Exophthalmos in Orbital Tumor and 
Graxes’ Disease, Lancet 1: 51 52, i945. 

Idem- Bulging of Exophthalmos, Clin Sc 5. 31 49, 1944. 

13. Giace, E V., and Weeks, C Surgerx of Thxroid in Large ^Iiinicipal Hospital, Ann. 

Surg. 113: 496 507, 1941. 

14. Galli Mainini, C Exophthalmometiic Measurements in Patients With Th}roid Diseases 

With Some Discussion of Their Significance, Ann. Int Med 16: 415 426, 1942 

15. Jensen, V A Malignant Exophthalmus After Struinectomx, Acta ophth 18: 1 20, 

1940. 

16 Brain, W. E • Exophthalmic Ophthalmoplegia, Quart J. Med. 7: 293, 1938 

17 Thomas, H M , Ji , and Woods, A. C : Progressive Exophthalmos Following Thjroidee 

tomv. Bull Johns Hopkins Hosp 59: 99 113, 1936 

18. Sattler, H Die Basedoxvische Kiankheit, Graefe Saeniische, Handb. d Augenlieilk. 

9: 2, 1909 

19. Savin, L H Thyrotoxicosis in Eelation to Ophthalmologx , Ti. Ophth. Soc U. Ix. 63: 

9 17, 1943 

20 Moffatt, P McG Thx rotoxicosis in Eelation to Ophthalmologx , Tr. Ophth Soc U. E. 
63: 19 21, 1943 

21. Benedict, W. L In discussion of paper b} Holloxx ax' et al 8 ^ 

22, Niall, P.. Peisisteiit and Progiessixe Exophthalmos The Eelationship to Giaxcs 

Disease, Tr. Ophth Soc Australia 1: 55 69, 1939. 

23 Burch, F. E. The Exophthalmos of Graves’ Disease, Minnesota Med. 12: 668 67o, 

1929. 

24 Mandeville, F. B Eoentgen Therapv of Orbital Pituitary Portals for Progressix e 

Exophthalmos Following Subtotal Th} roidectomx , Eadiology 41' 268 271, 1943 



GUYTON: DIX’OMPKKSSION OU OIUUT 


son 


2o. Ginsberg, Rolotuon: Post-oiK'nitivo I’roKn'i-sivf* lixoi)litlmliii<).s With ]his!il 

:Mctal) 0 lie Pate, Ann. Int. ilcd. 13: -ILM-l.lO. 1.!*;!!). 

20. Jrann. Ida: Personal oommunicatioii. 

27. Dollinger, .1.: Die dniehentlastung der Augcnhoehle dnreh entfcrnniig der an.s.‘'Crn 
orbitnhvand bei hoehgradigeni exoplithalnins (Morbn.s Pasedowii) und ICon- 
sekutiver Kornhnnterkronkung, Deutsehe nied. Wclinsidir. 37: 1SSS-]S!)0, 1011. 
2S. Tinker, 11. B.: The Siirgieal Treatinent of Kxo])lif halmo.s, Set', on Ojdith., A. II. A. 
353-302. 1012. 

29. HalTziger, II. C.: Progressive lixophthalmo.s Pollowiiig Thyroidectomy; Its Pathology 

and Treatment, Ann. Surg. 94: 5S2, 1031. 

30. Naflziger, H. C.: Progressive K.xophihalmos Associated With Disorders of the 

Thyroid Gland, Ann. Surg. 108: .-i20-.5l4. 103S. 

31. Scinmes, E. E.: In diseus.sion of paper by Clute et ah, .1. A. II. A. 99: 0!2-Gt7, 1032. 

32. Bothnian, L.: Endocrines in Ophthalmology, lllinoi.s II, >T. G5: 22f)-23.I, 1031. 

33. Swift, G. W.: llalignant E.vophthalmos and Operative Approjich, West. .1. .Surg. 43: 

119-126, 10.3.5. 

34. Sewall. E. C.: Operative Control of Progressive Exophthalmos. Arch. Otolarvng. 24: 

621-024, 1930. 

35. Bosenbaum, ,1.: A Case of llalignant Exojdithalmos, Cannd. 11. A. .1. 36: 12-15. 1037. 
30. lOstner, P. B.: Decompression for Exophthalmos, .1. A. 11. A. 112: 37-3S, 1039. 

37. Spaeth, E. B.: The Principles and Practice of Ophtlnilmic Surgerv, ed. 1, Phihadelphia, 

1939, Lea & Fobiger, pp. 65-60. 

38. Guthrie. D.: Surgical Treatment of Goitre, Kew York Slate .1. Mod. 41: 2315-2317. 

1941. 

39. Daily, E. K., Daily, L., Walker, .1. D., and Peler.son, H. ,1.: Exophthalmic Ophthalmo- 

plegia, South. M. .1. 36: 344-352, 1042. 

40. Simpson, W. L.: In discussion of paper by Daily et nl.:>'’ and personal communiention. 

41. Welti, H., and OlTret, 6.: Trepanation decompressive do 1 ’orbite pour exophthalmic 

maligne basedowienne, Jlem. Acad, do chir. 66: 379-384, 1942. 

42. Adler, F. H.: The Bole of Exophthalmos in the Diagnosis and Treatment of Graves’ 

Disease, West A'irginia Jl. J. 40: 316-326, 1044. 

43. Poppen, J. L.: Exophthalmos: Diagnosis and Surgical Treatment of Intractable Cases, 

Am. J. Surg. 64: 64-70, 1044. 

44. Dandy, W. E.: Orbital Tumors; Besults Following the TranscraninI Operative Attack, 

New York, 1941, Oskar Picst. 

45. Kronlein, E. U.:. Zur Pathologic und operativen behandlung der Dermoidevsten der 

Orbital, Beitr. z. klin. Chir. 4: 40-41, 1889. 



A JIETHOD OP ENCEPHALOGfBAPHY 

E. Graeme Eobertson, SI.D., Melbourne, Australia 

I T IS fitting that an ai’tiele on encephalographj' should be included in this 
tribute to Dr, Walter E. Dandy, both encephalography and ventriculography 
being due to his clear perception and brilliant initiative. As an indication of 
the importance of this one of his many scientific contributions, it may be said 
that the use of gas as a contrast medium for visualization of the intracranial 
fluid-filled spaces is the most valuable method of neurologic investigation to be 
inti’oduced since Quincke described lumbar puncture in 1891. It is probable 
that these methods will never be displaced, for the apparatus is universally 
available, and the infomiation obtained is based upon definite shadows, which, 
in most eases, do not lend themselves to individual variations in interpretation. 

IXTRODUCTIOX 

Uncertainty as to wliether gas will enter the cerebral ventricles is in- 
separable from the usual methods of encephalography liy lumbar injection of 
gas, and the patient often suffers considerable discomfort. Further, these 
methods do not always yield the maximum of information. For these reasons 
an endeavor was made to elaliorate a method by which the desired filling could 
be secured vith greater certainty and less discomfort. In order to secure the 
necessary data, radiography was used to provide a X’unning commentary upon 
the process of filling. The resulting method was described in Encephalography* 
and further elaborations were recorded in Further Contributions to Encephalog- 
raphy.] Because of dissatisfaction with the original methods, introduction of 
gas into the cisterna magna has been widely practiced, especially in England 
and in some European clinics. However, it may be stated that tliis method 
lacks the versatility and the reliability of the procedure to be described. By 
posturing the neck, gas can be delivered with certainty from the lumbar theca 
into the cisterna magna, or into the subarachnoid space if it is desired. In 
addition, the freedom of the neck allows certain modifications of posture which 
may be essential to ventricular filling. 

THEORETICAL COXSIDERATIONS 

The method has allowed of an accurate analysis of the influence of posture 
upon the distribution of air. A series of expei’iments has shown that the 
dii-ection taken by the gas along all available pathways, except the ventricular, 
depends solely upon tlie physical fact that gas tends to rise through fluid. The 
entiy of gas into the fourth ventricle depends upon filling the cisterna magna. 
In the sitting patient, flexion of the neck detemines the entiy of the gas into 
the cisterna magna, for in the cervical canal the gas travels upward along the 

•Robertson, E. G. ; Encephalography, Melbourne, inil, The Macnrillan Company. 
tRobertson, E. G. ; Further Studies in Encephalography, Melbourne, 1945, The Mac- 
millan Company. 
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highest available pailnvay, that is, cloi'sal to Ihe spinal cord. There is usually 
no communication between tlie dorsal )mrl of the cisterua inagna and the 
remainder of the subarachnoid simce over tlic cerobclliun. For this reason 
further upward passage of gas is possible only througb the anterior part of the 
cistern leading upward to the foramen of jtragcndic and the fonrlli ventricle, 
or by passing at a lower level below the cerebellar tonsils into the snbai’acbnoid 
space anterior to the medulla and pons. When the ])aticnt is seated with his 
head flexed, the gas rises through the anterior part of the cisterua magna to 
enter the fourth ventricle. Only when the rate of introduction is rapid, or 
when the ventriclo.s arc replete, does the gas reach the ]mntine cistern in any 
quantity by passing below, or sometimes also medial to, the tonsils of tlie cere- 
bellum. Thus to secure selective ventricular filling it is imi)orlant to introduce 
the gas slowly. If the patient’s nock is dorsiflexed the gas rises anteilor to the 
cervical spinal cord to enter the subarachnoid space anterior to the medulla and 
to pass, at higher levels, into the ba.sal cisterns. 

That the entry into the ventricles is indci)endent of vital phenomena, such 
as vascular pulsation, is shown by the fact that gas enters as rapidlj^ in the 
cadaver, seated uith neck .slightly flexed, as in the living subject. 

That gravitation is responsible for the influence of posture is .shown by 
experiments designed to reverse the influence of flexion and extension of the 
neck. The. gas will enter the fourth venti’iclc when the neck is extended, and 
the subarachnoid spaces anterior to the medulla when the neck is flexed, as 
long as the regions to be filled arc uppei’mo.st. If the patient lies prone upon 
an inclined plane, with his head uppennost, the gas enters the cisteima magna 
and the fourth ventricle wdien the neck is extended. If the patient lies supine 
upon the inclined plane, gas enters the pontine and interpeduncular cisterns 
whether the neck is flexed or extended. 

Gas injected into the lumbar theca collects in the dorsal part of the cistei’ua 
magna and in the subarachnoid space doi-sal to the cervical spinal cord, when 
the sitting patient’s neck is fully flexed. The head may now be doreiflexed in 
stages (that is, the flexion is gradually diminished) and roentgenograms taken 
in each position (Pig. 1). It is found that the gas usually enters the fourth 
ventricle and the aqueduct when the head is flexed from ninety to eighty 
degrees. Sometimes the posterior part of the third ventricle is filled at this 
- angle. With further dorsiflexion the third ventricle becomes more and more 
complete^ filled, until at about seventy degrees of flexion most of the third 
ventricle is outlined. Gas usually commences to enter the lateral ventricles 
when the flexion is reduced to about sixty degrees (Pig. 1). These findings 
cause surprise, for, in this posture, the interventricular foramen of Monro is 
considerably below the termination of the aqueduct. Thus, gas passes downward 
through an originally fluid-filled cavity. This implies that, in this posture, the 
filling of the lateral ventricles is not due to a direct gravitational effect. An 
analysis of this phenomenon, its cause and reproduction in vitro, was described 
in Further Contributions to Encephalography. It is beyond the scope of this 
paper to deal with this point, but it may be stated that the entry of gas into 
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the lateral ventricles when the head is flexed is due to the disturbance of 
hydrostatic balance induced by the entry of gas into the lower ventricles. 
This results in an increase of the pressure in tlie buljl^le of gas relative to that 
of the fluid ahead of it. Expansion of the lateral ventricles allows an inflow 
of gas to re-establish the eciuilibriuni. As the head is furtlier dorsiflexed, gas 





Fig. 1. — Illustrating the influence of posture upon the distribution of gas. Gas is intro- 
duced Tvith the head fully flexed, then dorsiflexed in stages. Tracings of roentgenograms 
taken at eighty-five degrees, sixty degrees, and forty-flve degrees are shown. Throughout 
the illustrations the ventricles are shown in red, subarachnoid cisterns and sulci in green, 
and cerebral structures, subdural gas, and bones in black. 


begins to pass into the pontine and interpeduncular cisterns when the flexion is 
reduced to about forty-five degrees (Pig. 1). The subarachnoid cisterns, anterior 
to the pons and medulla, now slope upward and distally. (Under some circum- 
stances this route is followed when the flexion is still greater, as much as sixty 
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degrees, at wliieli angle llio plane of the cisterns is tisnally a)>i)roxiniately 
horizontal.) At these angles the interventricular foramen is lower than the 
point-of entry of the atpieduet into the third ventricle. The foramen becomes 
higher only when the angle of flc-xion is reduced to about twenty degrees. Above 
this angle the inflow may he determined by direct flotation. The volume of 
gas in the ventricles increases ]>rogressively as the head is dorsifiexed. and is 
maximal when the head is erect. 


MKTiion 


The patient is usually given a sedative before the investigation commences. 
An injection of oinnopon. gr.. folloAved one hour later by '/i.-.n oi' Vioo 
scopolamine hydrobromide has juwed very satisfaetoiy for adults. Paraldehyde 
administered rcetally. or ether by inhalation. ]>roves useful for children. During 
the period of introduction of gas the patient .sits in front of the x-ray film. 
Special chaii-s may be devised, the e.ssential features of which are the adequate 
exposure of the patient's back and the lu-ovi.sion of ventral support, the latter 
ensuring that the drowsy or ane.sthetized jiatient remains seated in the cori-eet 
posture^. However, special chairs are unnecessary, although in children the 
procedure is made very much easiei- by a specially designed support. h''or 
adults, the tubular steel chair of modern de.sign or a .stenographer's chair with 
adjustable back is convenient. In the.se. the patient sits facing the back rest, so 
that his arms rest upon a cushion fixed to its upper rail. AVide bandages, slung 
around his back, ma.v be added. The chair is placed so that the patient's fore- 
head rests for additional support against a vertical carrier for x-ray films — 
usually a Buclr\'-Potter diaphragm, but even this is not necessaiy. Firm, 
gentle fixation of the patient's head is helptnl. His chin rests in a depression 
in an adjustable pad attached to the center of the lower end of the film support. 
A broad pad of sponge imbber fixed to a curved wooden support eight inches 
long is connected to the center of the upper end of the table, and is adjusted so 
that it rests lightly across the patient's vertex. This method allows the taking 
of posteroanterior and lateral roentgenograms without disturbance of the 
patient's head. For lateral views a slotted holder for a parallel gi-id filter and 
a film cassette is fixed alongside the patient’s head, at right angles to the 
Bucln--Potter diaphragm. By adjustment of these supports the patient’s back 
and neck are flexed to the desired angle. AYhen it is desired to fill the cerebral 
ventricles the head is flexed to about thirty degrees. 

Two lumbar puncture needles are introduced, using local anesthesia, into 
neighboring lumbar interspinous spaces. The type of needle provided with 
two outlets controlled by a three-way tap, such as that designed by Greenfield, 
is most convenient. A length of glass tubing (70 cm.) of 2 mm. bore is attached 
to one outlet of the lower needle, thus pro^dding for measurement of pressure 
(Pig. 2 ). When the pressure is normal, the cerebrospinal fluid rises to about 
the horizontal level of the foramen magnum. A syringe of 20 c.c. capacity is 
filled 'with oxvgen from a cylinder of the com]3ressed gas. by means of a sterilized 
rubber tube, in which is incorporated a cotton-wool filter. Gas is then slowly 
injected through the upper needle, while fluid is allowed to drip from 


lower needle at such a rate 
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the maiiometev. ^Yheu 7 c.c. of gas have been injected, a postoroanterior or 
lateral roentgenogram is taken with the center ray directed horizontalh'. The 
film is developed and studied as soon as it is available. The component parts of 
the shadow are readily recognized in lateral views. The tracing of a typical 
posteroanterior roentgenogram is shown in Pig. 3, a. Wlien the central ray 



2. Showing the general arrangement a lateial roentgenogram is being taken. 


makes an angle of about thirty degrees with the long axis of the skull (which 
corresponds to the horizontal plane when the head is erect) the shadotv of the 
fourth ventricle has a somewhat rounded appearance (F, Pig. 3). The aqueduct 
inclines forward, away from the x-raj'^ tube, and its distal part is actually 
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along Ihe line of liio rays. Hence, the upper i)arl of Ihc aciucduel is shown as 
a dense round shadow (H). The inclination of the head causes the lower part 
of the shadow of the third A-entricle (C) lo overlap (hat of (he fourdi veidi’icle. 
A narrow coh;nin is seen in the niidline helow the fourth ventricle (G). This 
is due to gas in (hat part of the eisteriia inagna between (he (on.sils of (lie cere- 
helluiu (with the medulla in front and the vermis behind^) and in the lower 
part of the fourth ventricle, between the two vertical limbs of the choi’oidal 
plexus. The component shadows ai’c clearly seen when (he head is slightly 
rotated (Fig. 3, h). Other appearances in the first films, which may indicate 
the ncces.sity of modification of tcchniciuc in order to obtain .satisfactory filling, 
are dealt with in a subsequent section. If the film is .satisfactory, the inter- 
change of gas and fluid is continued until an adequate filling is .seen. Usually 
about 20 to 25 e.e. suffice to outline the ventricles. Tf filling is continued after 



a. V. 


Pig. 3. — Tracings of posteroanterior roentgenograms, tlie liead being flexed thirty 
aegrees and the centrai ray horizontai. (n) A typical flim ; (b) The ventricles dilated and 
rne head slightly rotated. A, lateral ventricles; S, suprapineal recess: G, body of third ven- 
^fltieduct of Sylvius; F, fourth ventricle; G, anterior part of cisterna magna 
leaning to foramen of Magendie ; H, dorsum sellae ; I, petrous temporal bone ; J, posterior 
part of cisterna magna. 

the ventricles are replete, the gas passes into the pontine and interpeduncular 
cisterns, and thence into other parts of the subai’achnoid space. Hence, a com- 
plete filling may be secured without disturbing the position of the head. How- 
ever, certain cisterns, or chosen regions of the subarachnoid spaces, may be 
demonstx’ated by the use of small volumes of gas, directed by posture to the 
region under consideration. If the head is flexed the gas passes along the 
ambient cisterns to their confluence in the cisterna venae magnae cerebri. 
Then it passes into the dorsal part of the callosal sulcus, the occipitoparietal 
and calcarine fissures, and the sulci over the convexity of the occipital lobes. 
If the head is extended, the gas passes fonvard into the chiasmatic cistern, the 

thp oitt" accord with common usage, the term cisterna magna is used to describe that part of 
a smnii ™ medulla. For convenience of description, this is subdivided into 

surforo part, described above, and a larger posterior part superfleial to the Inferior 

arnoivir cerebellum. As first described, the cisterna magna also included the sub- 

cistern space anterior to the medulla. This part the author differentiates as the medullary 
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cisterna laminae cinereae terminalis, the Sylvian fissure and into sulci on the 
medial and lateral surfaces of the frontal and parietal lobes. It the head is 
erect both routes may be followed. If the head is inclined to one side the gas 
will pass into the subarachnoid space over the uppermost hemisphere. 

'When a roentgenogram shows that the region under consideration has 
been demonstrated effectively the needles arc removed and the patient placed in 
a recumbent position, with his forehead uppennost. An injection of morphine 
may be given at this stage to reduce the headache which occurs when the head 
is moved. The following seciuenee of postures proves satisfactory for radiography 
in the recumbent posture. The head is rocked from side to side to equalize the 
distx-ibution of gas and an anteroposterior roentgenogram is taken. If the lesion 
is believed to lie in the anterior parts of the third or lateral ventricles a lateral 
xdew may be taken in this posture. This view is particularly useful when gas has 
also been introduced into the chia.smatic cistern. Next the patient lies prone 
and a posteroanterior view is taken, lie then lies on one side during a period 
of some three minutes in which the head is manipulated to secure the passage 
of as much gas as possible into the upper lateral ventricle. Stereoscopic lateral 
films are taken. An anteroposterior view Avith the head in the lateral posture is 
irseful in demonstrating the ei'oss section of the temporal horn. The shadow 
is best seen Avhen it falls between the petrous temporal bone and the lesser 
wing of the sphenoid. The central ray, passing along the sagittal plane of the 
skull, makes an angle of about twenty degrees witli a line between the outer 
canthus of the eye and the external axxditoiy meatus. Finally the patient lies 
on his other side Avhile the gas is transferred to the other ventiicle. Similar 
views of this ventricle are taken. The views are studied before the patient 
returns to bed so that any necessary amplification can be obtained by repetition, 
or the taking of supplementary views. 

The whole procedure occupies about sixty minutes. There is little reaction 
to the ixsual procedure. Some 500 patients haA'e been examined by this method, 
using two needles to maintain constancy of pressure. It is believed that this 
factor deserves stressing, for no untoward reactions have been obseiwed, al- 
though over sixty neoplasms are included in the series. Some of these were 
in the cerebral hemispheres (a number producing gross ventricular displace- 
ment), some were suprasellar in position, and some were in the posterior fossa. 
"When the lumbar pressure is much elevated, or if there is evidence of incisural 
or foraminal herniation, ventriculogi'aphy is used instead of encephalography 
if evidence of localization is necessaiy. 

As an example of the use of small quantities of gas to demonstrate special 
regions, the visualization of the suprasellar region may be described. Tlie 
lateral ventricles and the third ventricle are filled with the head flexed to thirty 
degrees, and a lateral roentgenogram is taken. The head is then dorsiflexed 
(about ten degrees behind the erect posture) and filling is continued. The gas 
now rises into the interpeduncular and chiasmatic cisterns. Lateral and postero- 
anterior views are taken. If the filling of A'cntricle and cistern is satisfactory 
the patient is placed in recumbency and a lateral roentgenogram is taken with 
the brow up. This shows the anterior part of the lateral A'entricles, the third 
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ventricle with its ehiiisnuilic luul infundibular i-ceesHcs, tlic rolatod 
chiasuuUis, cislcrna interpoduncularis, and lamina lerniinalis. 


eisterna 


CAUSKS OK KAUA;I{K. AN’O UKCTll-lCA'l'ION 


The first roenti^enosrram taken in the creel ]>()siurc may fail to show the 
fourth ventricle. There are a number of reasons for this, some of which sufr- 
gest the nece.ssity of modification of technique if ventricular filling is to be 
achieved. 

Large Cisierna Magna . — The eisterna magna varies greatly in capacity. If 
it is unusually large, many cubic centimeters of gas may be expended in filling 
its dorsal part before gas enters the ventricles. Usually the ])osterior i)art is 
small, extending about 3 cm. behind the foramen magnum, and reaching to with- 
in 2 or 3 cm. of the inion. In such ea.sc.s, the fourtii ventricle will be outlined 
in the first roentgenogram. When the cistern is large it is seen in lateral views 
follonung the curve of the inner surface of the occi])i1al bone as high as the 
internal occipital protuberance (Fig. 4. «). In posteroanterior views the 
cistern is represented by single or paired shadows, one on each side of the mid- 
line of the posterior fossa (Fig. 4, h). As the quantity of gas increases the 
shadow extends down toward the foramen magnum, and eventually, in ]>ostero- 
anterior views, a denser narrow shadow appears in the midline above the foramen 
(Fig. 4, h). The appearance of this column precedes filling of the fourth 
ventricle. It represents the anterior i)art of the cistern, just described, from the 
apex of which the foramen of Magendie gives access to the fourth ventricle. 
If the ventricle does not contain gas, and a large ci.stern is seen, a further intro- 
duction will probably lead to ventricular filling. The posterior part of the 
cistern has usually to be filled before gas enters the fourth ventricle, although 
some gas may rise directly into the ventricle through the anteiior part of the 
cistern, especially if the head is erect.' The gas in the posterior part of the 
cistern may be made to flow into the fourth ventricle by dorsiflexing the head. 
This brings the posterior part of the cistern to a lower level than the anterior 
part, and the gas rises through the latter into the fourth ventricle. In some 
cases the patient may be conscious of the gas bubbling within his skull. The 
transit is rapid and is usually accompanied by the development of frontal head- 
ache. The same transfer of gas is produced by lowering the patient slowly from 
a sitting to a recumbent posture at the end of filling. 

Passage Into Ventral Cisterns . — In lateral roentgenograms the gas may 
sometimes be seen in the pontine, interpeduncular, and ambient cisterns, having 
failed to enter the ventricles (Fig. 5, «). In posteroanterior views the gas is 
seen in the ambient cisterns (Fig. 5, b) which maj^ be recognized as an arched 
shadow, the two anterior pillars arising on each side from the interiDeduncular 
cistern (the shadow of which overlies and rises aboAm the dorsum sellae) and 
converging aboim and dorsally in the eisterna venae magnae cerebri, which in this 
Anew is situated about 3.5 cm. higher than the shadow of the dorsum sellae. In 
some cases the ambient cisterns appear to receive gas from collections seen, in this 
View, above the shadows of the medial parts of the petrous temporal bones. 
These collections are in the upper part of the lateral recesses of the pontine 
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cistern underneatli the tentorium. Laterallj- the gas is situated below the 
attachment of the tentorium to the petrous temporal bone, hlore medially, the 
gas passes dorsaUy below the inferior surface ot the tentorium, and then around 
the midl)rain in the lower ])art of tl\e ambient cistern to reach the eisterna venae 
magnae cerebri. 

n. ft. 




h. h. 

E<g- Fig. 5. 

Fig. 4. — Tracings of lateral and posteioanteiior films showing large eisterna niagna. 

Fig. 5. — Gas m pontine, interpeduncular, .and .ambient cisterns. In the lateral view gas 
is also seen over the superior suiface of the cerebellum. 

This passage of gas into the ventral cisterns is the commonest cause of 
initial failui’e of ventricular filling. In these cases ventricular filling may be 
secured by introducing the gas with the neck more fully flexed, and then slowly 
dorsiflexing the head. The pronounced flexion determines the passage of the 
gas into the eisterna magna, where it accumulates. When the head and neck 
are dorsiflexed after each introduction tlie gas passes into the fourth ventricle. 
This results in filling in ail but a verj' small percentage. Indeed, if failure 
results it is almost certain that some fonn of pathologic obstruction exists. 
This method of filling in full flexion followed by dorsiflexion is an excellent 




ROHKUTSOX: MKTHOI) 01' r.XCi:i’HAI.O{!I?AI’lI Y 


819 


routine procedure, since it deei’casos llu* ])orc‘cnlaiio of failures. It is to be 
recommended if roentgenofrranis are not taken durini:: filling’, or if time is 
limited. The only disadvantage is that the procedure bceoinos more trying to 
the conscious patient, for he complains of frontal headache during dorsitlc.xion. 

Escape From Cisicnia Marina . — In a small jiercentage of cases (about 2 
per cent) the gas reaches the cisterna venae magnae cereiiri without ])assing 
along the pontine, interpeduncular, and ambient eislern.s (Fig. G). The roent- 
genogi'ams show that gas esca]ies from the apex of the cisterna magna, which in 



,, G- — Gas reaches the cisterna venae magnae cerebri by passing over the surface of 

w- ,, In Uie posteroanterior Aiew the cisterna venae magnae- cerebri (hatched 

nouzontally) is seen above the large cisterna magna (hatched verticaliy). 

„ I- — Gas in the subdural space under the tentorium. The posteroanterior roent- 

ocnogram was taken after 5 c.c. had been injected, the lateral after 10 c.c. 


these eases is not sealed off from the i-emainder of the subarachnoid space over 
the convexity of the cerebellum. The gas which enters the dorsal part of the 
cisterna magna flows over the surface of the cerebellum to reach the cisterna 
venae magnae cerebri. If the aperture transmits gas rapidlj^, the ventricles 
will not fill until the dorsally placed subarachnoid spaces are replete. If the 
head is placed in the ei’ect posture, however, some gas ivill rise direetty into the 
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anterior part of the cistern and tlicnce into the ventricles. In this way, co- 
incident filling of the ventricles and the dorsal cerebellar subarachnoid space is 
produced. 

S^^bd^lyal Insujjkitioii . — In some instances a large shadow of somewhat 
triangular shape, is seen in lateral views (Pig. 7, «)• The base extends forward 
from the region of the intcraial occipital protuberance and the apex is .situated 
anteriorly at a considerably higher level. Should the ventricles also fill, the apex 
will be seen to lie near the position of the splenium of the eoi-pus callosum. The 
gas outlines the undersurface of the tentorium. In posteroaiiterior views a 
narrow column can be distinguished for varying distances above the foramen 
magnum, the distance depending chiefly upon the rate of introduction (Pig. 7, b). 
As more gas is injected a transvei'se shadow with a denser central peak appeal’s 
at a higher level, due to gas collecting underncatli the tentorium. After passing 
through the incisura tentorii, the gas outlines each side of the falx and superior 
longitudinal sinus and collects over the convexity of the cerebral hemispheres. 
In such cases the gas has l)een introduced into the subdural space. The use of a 
sharp fine needle with a short bevel makes this occurrence less likely. A long 
bevel may lie in both the subarachnoid and subdural spaces. In other instances 
the bevel slips from the subarachnoid space, in which it originally lay, into the 
subdural space. Fluid escapes through the piincture in the arachnoid and is 
evacuated thi’ough the needle. This escape allows the relative collapse of the 
arachnoidal sac, so that it may be difficult to pierce the arachnoid again. Under 
these conditions it is best to withdraw the needle and insei’t it into a neighboring 
intervertebral space. Even this may fail in seem’ing its object, and it is then 
necessary to resort to cistenial punctui'e. 

In rare instances it is impossible to fill the ventricle.s by any maneuver. 
Occlusion of the foramen of Jlagendie may be responsible, but in adults the 
presence of a neoplasm is the usual cause. 

THE PO.STERIOR FOSSA 

A detailed picture of the ventricles and cisterns in the posterior fossa, 
and the interv’ening cerebral structures, may be secured by taking roentgeno- 
grams when a maximal volume of gas has been introduced into the spaces. This 
is accomplished during the period of introduction of gas. The follovnng is an 
account of the procedure : 

The patient’s head is flexed to thirty or thirty-five degrees, that is, the 
orbitomeatal line, winch serves as a useful index, is inclined doAvnward and 
forward, making an angle of twenty degrees with the horizontal plane. Pilling 
is commenced in the usual fashion and Avhen approximately 10 c.c. of gas have 
been injected, a lateral view is taken to show the fourth ventricle and aqueduct, 
uncomplicated by cisternal shadows. A posteroanterior view is then taken 'vvith 
the central I’ay directed along the orbitomeatal line (Pig. 8, «). Distortion may 
be avoided if the head is temporarily dorsiflexed so that the orbitomeatal line is 
horizontal. At tins inclination the central I’ay makes an obtuse angle with the 
long axis of the fourth ventricle, so the latter is seen on the film as an isosceles 
triangle (B, Fig. 8, a and Pig. 9, a). The aqueduct extends upward to the third 
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ventricle. In tliis po.slurc the nnterior nml inferior portion of the tlnvd venlvick' 
(Iocs not fill beennse the inlervontrieulnr forninen is rclntixTly ]iip;li (os]iccin]!y 
if the head is erect), hence tlu; shadow of the third ventricle is small (3'''itr. 
9, a). 

Filling is then conlinned with the head in (he original jmsturo. When (he 
ventricles arc replete, gas begins to flow along the. medullary and pontine 



d. 


^ S. — The posterior fossa, (a) Posteroanterior view, head flexed fifteen degrees; (6) 

thirty-five degrees; (c) head flexed sixty-five degrees; id) lateral view, head 
ven> • degrees ; the central ray horizontal in each. A, third ventricle • B, fourth 

^niricle ; c, dorsum sellae ; D, petrous temporal bone ; E, lateral ventricle ; Fj cisterna venae 
magnae cerebri ; (?, ambient cistern ; H, interpeduncular cistern ; I, upper part of lateral 
t^-i,o ’ ^t'terior part of ambient cistern; K, anterior part of cisterna magna; L, gas be- 
^'een medulla and cerebellar tonsil; ilJ, medulla; N, flocculus of cerebellum; O, cerebellum; 

t^istern ; Q, lateral recess ; R, foramen magnum ; S, dorsal part of cisterna 
oagna; T, pontine cistern; U, gas above cerebellum. 

Cisterns, and thence into their latei'al recesses, and into the interpeduncular 
‘'ind ambient cisterns. A posteroanterior roentgenogram is taken when some 
30 c.e. have been injected (Fig. S, b). The central ray is horizontal, making an 
single of thirty-five degTees with the long axis of the skull, and passing through 
the occipital hone below the external occipital protuberance (Pig. 9, h). The 
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b. 


c. 


Fig. 9 — Diagrammitie correlation of origin and shadow, the head being flexed to fifteen 
degrees in a, thirti -fl\ e degrees in 6, and sixty~fi\ e degrees in c. 
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appearances of the venlviele.s aiul of the cisterns liavo been (.loseribed sopai-atcl\ 
and are illustrated in Fips. 3 and 5. AVlicn liotli ventricles and cisterns con- 
tain gfis, the ventricular shadows are thrown into the area re]n‘cscnting the inid- 
brain and cerebral peduncles, encircled by the in1ei'i)eduneular and ambient 
cisterns (Figs. 8, h, and 9, h). 

The head is now flexed to sixty-five degrees (.so that the oi’bitonicatal line 
makes an angle of fifty degrees with the horizontal). i\n additional 20 c.c. arc 
more rapidly injected, and a posteroauterior view is taken with the central 
ray horizontal and directed at the foramen magnum. Fig. 10 is a reiu'oduction 
of a roentgenogram taken in this jmsturc. Fig. 8, c is a tracing, and Fig. 9, c 
analyzes the composition of the .shadow. The rays arc now directed along the 
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I'lg 10 — Postei oantei loi the lie.nl being- ne'.ed to M.\t\-n\e degrees ;ind the cential 

i hoi izont.U. 


axis of the medulla and pons and more or less pai-allel with tlie plane of the 
hasioceiput and basisphenoid (Fig. 9, c). Thus, projected into the circle of the 
foramen magnum, can be seen the cross section of the medulla {M, Pig. 8, c) and 
the inferior cerebellar peduncles, outlined by gas in the medullary cistern (P), 
the lateral recesses (Q), and the fourth ventricle (B). The flocculi of the 
cerebellum (N) are ahvaj^s clearly outlined. Sometimes gas is seen between the 
medulla and tonsils of the cerebellum on each side (L). The dorsal part of the 
cisterna magna is at a higher level than the other spaces, so its shadow appears 
At a high level {F, Fig. 8, c). The ventral part of the cistern is often seen as a 
dense shadow running downward to the lowest part of the shadow of the fourth 
ventricle (7f, Pig. 8, c). The long axis of the third ventricle is approximately 
at right angles to the central ray, and the degree of flexion brings a considerable 
part of the third ventricle to a lower level than the fourth. Hence the shadow 
(-f) is a long one, and extends downward below the fourth ventricle into the 
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area representing the medulla. Tlie lateral ventricles (E) are projected loM-cr 
than in the previous views. The ventral surface of tlie pons may sometimes be 
visible although more usually it is ob.seured by bone. The lateral rece.sses (Q) 
are clearly .shown. Pa.ssing donsally fi-om the lateral recesses, and more or le.ss 
parallel with the margin of the foramen magnum, two columns of gas ((?) can 
be seen. They converge dorsally in the eisterna venae magnae cerebri (F). 
This appearance is due to gas flowing from the lateral recesses, under the 
tentorium and ventral to the lobulus quadrangiilaris of the cerebellum to join the 
loAver part of the ambient cistern. Except in its ventral part this shadow is 
superimposed iipon that of the uppei- ])art of the ambient cistern. The two 
tributaries can be seen in lateral views (.7 and 6?, Pig. 8, d) and in the roentgeno- 
gram taken with thirty-flve degrees of flexion (Fig. 8. h). That from the lateral 
recess runs between J and I (Fig. 8, h) aird the vcirtral part of the ambient 
cistern between J and the interpeduncular cisteni (77). 

Finally, a lateral view is taken in this posture to show the ci.stcrns as well 
in the ventricles (Fig. 8, d). The anteropo-sterior diameter of the medulla and 
pons can be measured. The quadrigeminal plate is clearly defined between the 
aqueduct and the eisterna venae magnae cerebri. The lateral reee.sses arc, in 
large part, concealed by the demsity of the petrous temporal bones. The upper 
parts, underlying the tentorium close to its attachment to the temporal crest 
can, however, be .seen (J). The columns of gas converging upon the eisterna 
venae magnae cerebri may be clearly .seen. One {G) extends dorsally from 
the intei-peduncular cistern, and the other extends from the upper part of the 
lateral recess (.7). Sometime.s these two columns fuse, the whole ambient 
cistern then being filled. The upper surface of the cerebellum may be outlined 
by gas (U) extending dorsally from the eisterna venae magnae cerebri. When 
the cerebellum is atrophic the whole of the cerebellar subaraclmoid space may 
be filled with gas by continuing the injection with the head well flexed. 
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A STUDY OF THE AZOTlC:\nA OBSEKVEO AFTEK S1-:V1CUE P,URNS 


.Tamks Wai.kkh, .lu., IM.l).. I’lni-AnKiAMnA. JUv. 

(l^'rom ihc J'rnnsiiJvniiui Hospital aad thr Harrison Depart tm nt of Snr/iiral Ursrarrh, 

Vnivcrsitp of Pninsiilrania) 

D ETBliMINATIONS ol t!\c i^nsnia luniprolvin iiilvo^cn concent vat ion follow- 
ing severe thermal burns have sliown mai’kctl azotemia which has paralleled 
the development of the clinical signs of burn toxemia. As tbesc ebanges were 
not closelv correlated with the oliguria which was sometimes observed, it seemed 
of interest to investigate the known components of the ])lasina nonprotein nitro- 
gen separately to see if an explanation for the lack of correlation could be found. 

In a series of about 100 patients studied in the various Philadelphia hos- 
pitals in 1943 and 1944, the plasma nonprotein nitrogen rose to above 100 mg. 
per cent in eight patients. All of these patients died, and seven of the eight 
died with symptoms of toxemia after the second but before the eighth day fol- 
lowing the burn. Most of the other i)atients who died either showed ])athologic 
lesions unrelated to the burn which explained the death, or had nonprotein 
nitrogen levels of over SO mg. per cent. 

A number of workers have repoi-ted a rise in the nonprotein nitrogen of the 
blood following severe burns, but the elo.se association of this rise with the 
clinical syndrome of burn toxemia has not been adequately stressed. Burn 
toxemia was distinguished from burn shock by AYilson, hlacGregor, and Stewart.^® 
The distinction seems valid clinically, but definition of burn toxemia has always 
been difficult since no quantitative laboratory critei'ia have been available for 
its measurement. The association observed in this study between changes in 
nonpi-otein nitrogen fractions of the plasma and tlic clinical symptoms suggests 
the use of the change in blood chemistry as a laboratory criterion of burn tox- 
emia and as an index of its severity. 


CLINICAL MAITSRIAL AND LABORATORY METHODS 

Prom a series of over 100 patients with thermal bums requiring hospital- 
ization, which were studied under a contract between the Office of Scientific 
Research and Development and the Pennsylvania Hospital, sixteen were selected 
for detailed analyses of the nonprotein nitrogen content of plasma and urine. 
Urea nitrogen, uric acid nitrogen, creatinine nitrogen, and alpha-amino acid 
nitrogen; as Avell as the total nonprotein nitrogen, were determined separately. 
The di fference betiveen the total nonprotein nitrogen and the sum of the other 

(described in this paper was done under a contract, recommended by the Com- 
P” Medical Research, between the Office of Scientific Research and Development and the 
l ennsylvania Hospital. 
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components was called nndetermined nitrogen and proved to be of special in- 
terest. 

The local treatment consisted of the applicatioii of bland ointment and 
pressure dressings. Several of tlm patients received large volumes of onc-.sixth 
molar sodium lactate orally as suggested by Fox.'‘^ In addition, these patients 
also received parenteral plasma in amounts adequate to prevent excessive hemo- 
concentration. We did not feel justified in abandoning the use of plasma in the 
treatment of shock. Three normal control patients were given 5 L. per day 
of one-sixth molar sodium lactate for three days, after an initial twenty-four 
hour control period. Nonprotcin nitrogen fractions were studied as in the 
burned patients (Cases 17. 24. and 30). 

Case histories, detailed tabulations of blood and urine analyses fi’om two 
representative cases, and graphic representations of the plasma nonprotcin 
nitrogen pai’tition for each case follow. 



fA.sn KEPonrs 

Case 7 (V. Y., Fig. 1). — A 43jearold Aimenian Iiousewife ^^as admitted at noon on 
Jan. C, 1944, twenty minutes aftei she had sustained a 35 per cent tliird degree burn of tlie 
body and extiemities while cleaning a dress with gasoline. She was given morphine, and 
intravenous plasma was started while she was in the operating room. The burned areas 
were superficially debiided and petrolatum gauze and pressure dressings applied. Hemato 
cut was 37 per cent on admission and rose to 56 per cent eight hours after the accident. 
This was the highest value attained. The patient was giien 2.5 L. of plasma and 300 c.c. 
of saline solution intravenously. In the first eighteen hours she received 3 L. of one sixth molar 
sodium lactate orally. She developed thrombosis of the right deep femoral vein with marked 
spasm of the artery, but circulatory embarrassment was somewhat relieved by use of an 
oscillating bed. 
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The patient roninincd febrile and disoriented for tliioe ilays. On tlie tliiid day she 
had two periods of apnea, laslinji ten and three iniiinleH, respectively, duiiiifr wliieli artifieial 
respiration was required. Slie then beeaine lational on the foiiilh day, and her peneral 
condition im])roved. On the thiity-fonrtli day the patient had a seiie.s of seveie hemorih!if;es 
that arose from an apparently spontaneo\is reetoviieinal tislula and ie<dal ulceration. Tliis 
was controlled hy packing and tran.sfusion. 

In spite of a high protein diet, tube feedings, and repealed infusion of phisma and 
blood, the patient lost about thirty ]iounds of weight. On the tifly-ninth day tlie juitient 
became .semistuporous and died on the sixty-second day. of multiple imlmonary emboli. 

Post-mortem examination revealed inodeiate fatty inflllralion of the li\(“r and evidence 
of toxic nephrosis that occurred dviring the toxemia, 'rubular damage was still evident, but 
regenerative proce-s-^es were marked, .\dienals showed necio.sis of the inner nine of the 
cortex. 



Ftp. 2. 

Case 10 (E. E., Fig. 2). — A (>-yoar-old wdiite boy sustained a .'iO pei cent thiid degiee 
flame burn of the legs. Burned aieas weie ticated by sujiciflcial debridement and petiolatum 
gauze and pressure dressings. Intriueuous plasma was given. The patient sustained only 
moderately severe shock but thcieaftcr became markedly toxic. 'J’emiicratuie lose steadily to 
10-1° F. on the fifth day and the pulse was IGO. Sulfadiazine was started on the fouith 
day and theieafter the tempeiature fluctuated between 101 utuI 99° F. The jiatient took 
over 1,500 c.c. of one-sixth molar sodium lactate oinlly during the fltst seven days. The 
patient’s nutrition lemained poor in spite of all cft’oits until the aieas healed. Skin grafts 
were applied on the foity-seventh, tifty-.sixth, and sixty-fourth days. 
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Case 11 (M. B., Fig. 3). — A 50-year-old white woman .unstained a 25 per cent scald 
of the legs and right arm. The hematocrit was -12 per cent twelve hour.s after the burn. 
The patient was given plasma intravenously (1,500 c.c. tlic first day and 750 c.c. the second 
day) and also received 3 to 5 L. of sixth molar sodium lactate orally daily for the first .seven 
lays. Temperature rose to 101° F. but the patient was not remarkably toxic. The tempera- 
ture became normal on the third day and the patient improved rapidly. Skin grafts were 
applied on the thirty-third and fifty-first days. 

Case 12 (D. G., Fig. 4). — A 27-year-old colored man sustained a 30 per cent flame 
burn of the head, shoulders, and arms. Petrolatum gauze and pressure dressings were ap- 
plied, and the patient was given intravenous plasma. Eighteen hours after the burn the 
patient began to have marked respiratory di.^tress, and thirty-six hours after the accident 
tracheotomy was necessary. The patient improved thereafter, although he was markedly 
toxic for five days. He was given from 1 to 5 E. of one-sixth molar sodium lactate orally during 
the first ten days. The tracheotomy tube was removed thirty-six days later and skin grafts 
applied on the fifty-third day. See Tables I and II. 



BURN after Barn 

Fig. 4. 


Case 14 (N. A., Fig. 5). — A 4i/(;-year-old Italian child received a 12 per cent scald of 
the left arm and side. She was not brought to the hospital until twenty-five hours after 
injur}', at which time the burns were dressed with petrolatum gauze and pressure dressings. 
The clfild was given 100 c.c. of plasma the day of admission and 250 c.c. the following day. 
She showed only moderately severe toxemia. 

Case 17 (J. lY., Fig. 6). — A 27-year-old white man was a control patient. Blood speci- 
mens and urine collections were taken for twenty-four hours, after which the subject drank 
5 L. of one-sixth molar sodium lactate orally daily for three days. A positive Chvostek sign 
was noted forty-eight to seventy-two hours after the administration of sodium lactate. 

Case 19 (C.C., Fig. 7).— A 44-year-old white man received a 45 per cent scald and 
flame burn of the trunk, head, and extremities. The burned areas were sprayed with triple 
dve. Intravenous plasma was administered. This patient suffered deep shock, and after 
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recovery from tliifs plmso \\! 1 p nmrkedly toxic. On flie lliinl day lie Ijecimie comato'-c. ]tcnal 
shutdown was almost complete and the patient died on (ho foiirtli day. Post-mortem exam- 
ination showed some recent hepatic fatty infiltration superimpo‘-ed on an old portal cirrhosis. 
Toxic nephrosis was marked with almost complete tnbulnr dost ruction. Adrenal.s allowed 
edema and necrosis of (ho inner rone of the cortex. The brain showed paiif^lion coll degen- 
eration and edema. 



Bu(tM -Days ofitr burn 


Fig. 5. 

CONTROL CASES 



Paijs op Trcn.^ment 

Fig. 6. 

Ca.se 20 (Gr. L.., Fig. 6). — A. 24-year-old white man was another control patient and 
was treated just as was the patient (J. W.) in Case 17. 

Case 24 (E. K., Pig. 6). — A 38-year-old woman w’as also a control, 
and (M.B., Fig. 8).— A 50- j’ear-old colored w-oman received a 20 per cent second 

®n third degree burn of the head, arms, and slioulders. Petrolatum gauze and pressure 


SUUGERY 


dressings weie applied. Intravenous plasma (500 c.c.) was given the first day. In addition 
she leceived 3 L. of one-sixth molar sodium lactate oially during the first nine days after being 
burned. Tlie patient beeatne markedly toxic, although shock had not been severe. Urine 
output w’as poor during the first two days but then improved. Temperature rose steadily 
toward 106° F. on the sixth day, but thereafter her condition improved quickly. Skin grafts 
were applied on the thirteenth, forty-first, and eighty-second day.s. See Tables III and IV. 
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Fig. 7 . 
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Pig. 8. 


Case 26 (T. S , Fig. 7). — A 22 year old white man subtamed an 18 per cent thiul degree 
burn of both arms, the face, and chest. The patient received 750 c.c. of plasma the first 
day, 500 c.c. the second, 500 c.c. the third, and 750 c.c. the fouith day. Burns were tanned 
with methyl red. The patient was moderately toxic for the fiist four days. lie had bioncho- 
pneumonia from the fifth to tenth day but thereafter improved rapidly. 

Case 27 (J. S., Fig. 7). — A 4 year-old white boy received 18 per cent second and tliird 
degree burns of the arms, face, and trunk. The burns were dressed with peti datum gauze 
and pressuie diessings. Intravenous plasma was administered. Hematocrit eighteen hours 
after the burn was 55 per cent. The boy was quite toxic and the urinary output poor for 
the first five days. Thereafter lie made an uneventful recovery. Skin grafts were not 
necessary. 
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Case 33 (J. N., Fig. 0). — A SS-yenr-old white man received a 20 per cent second and 
third degree hum of arms, shoulders, and face. Burns were dressed with boric acid oint- 
ment and pressure dressings, and lie was given 750 c.c. of plasma the first day. The patient 
showed moderate toxemia for five day.s and then improved. No skin gr.afts were necessary 
hut healing was slow. 

Case 34 (E. W., Pig. 9). — 42-year'Old wliite man received a 20 per cent second and 
third degree burn of the head, shoulders, and arms. Burns were dressed ■w'itli boric acid 
omtmeut and pressure dressings. He was given intravenous jdasnia. He showed fairly 
severe toxemia for five days witli oliguria and some fever but eventually recovered com- 
pletely without the necessity for skin grafts. 

Case 38 (D. Q., Eig. 7).— A 43- year-old white man received a 40 per cent tliird degree 
burn of the head, arms, and legs. Burns were dressed with boric acid ointment and pressure 
dressings, and intravenous plasma was administered. Urine output remained poor and the 
patient showed severe toxemia with disorientation. On the third day he seemed to be im- 
proving, when he suddenly died in respiratory failure. 

Post-mortem examination revealed very little liver damage but a moderately severe 
toxic nephrosis and necrosis of the inner zone of the adrenal cortex. The brain showed 
marked edema with ganglion cell degeneration. 

Case 42 (W. B., ITig. 10 ). — A 05-year-old man received a 10 per cent second and third 
degree burn of the face and right hand. The areas w'ere dressed with boric acid ointment. 

e plasma was necessary. The patient felt slightly nausated for five days, although he 
s lowed no shock. Wounds w-ere dressed with gauze. 

Case 43 (H. T., Kg. 10 ). — A 40-year-old white man received a 12 per cent second and 
urd degree scald of the right arm and shoulder. He was very drowsy and nauseated for 
ve days, although he showed no shock. Wounds were dressed with petrolatum gauze. No 
plasma was necessary. 

Case 44 (A. S., Kg. 10). — A 72-year-old woman sustained a 35 per cent flame bum 

m head, arms, and shoulders. Burned aieas were dressed with petrolatum gauze and 
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pressure dressings and iutiwenous plasma was adiniiiisleied. The paficnt was given 5 L. 
of one-sixth molar sodium lartate solution OJally between tlie iirst and second days. Urinary 
output remained good. The patient became disoriented on tlic second day and sliovvcd 
marked toxemia. She improved somewhat on the fourth day but died of re.spiratory failure 
on the fifth day. 

Post-mortem examination showed fatly infiltration of the liver, moderately severe toxic 
neplirosis, and marked cerebral edema and ganglion cell degeneration in the cortex and 
hypothalamus. 



Blood specimens were eolleeled in Sanford-i\lagatli lieinatocrit tubes witli 
small amounts of hepavin or sodium oxalate powder. The tubes wore ceittrifuged 
within one hour of taking the blood and the supernatant plasma was drawn off. 

Twelve-hour urine specimens were collected under toluene and kept at a 
low temperature until examined. Specimens from women patients were collected 
by means of indwelling catheters. 

Serum hilinrbin levels were determined by the indirect van den Bergh 
I'caction’-' using potassium permanganate .solutions as tlie colorimetric sland- 
ai’d. These determinations were run within ten hours of the time the blood 
was taken, and in all eases serum or plasma was removed from contact with 
the cells within one hour. 

Plasma protein concentrations were determined by the falling drop method 
of Barbour and Hamilton.” Some protein concentrations and the albnmin- 
globnlin ratios were determined by the hhirel metliod.*''* ITrinary albumin 
levels were determined by ])reci])itation Avith Toschyia’s reagent.’' 

Nonprolein nilingen levels of ])lasma and urine were determined by acid 
dmestion and direct nesslerization according to the method described by Pohu 
and Denis’® and Wong.”* 
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Blood \U’ca iiitroiiiMi was (‘onvorft'd lo aninionia by uroaso and l.lioii dcler- 
mincd coloi'inielvically according to the inotliod of b'olin and Wn.'" The nvinc 
\irea nitrogen was also converted to ammonia by urease, and then the total 
ammonia content, titrated, thus giving uvea plus ammonia nitrogen together. 

Uric acid levels of blood and urine were determined coloriinetrically after 
treatment with cyanide.*^ 

Plasma cvcatininc and urine crealininc levels were determined by the method 
of Folin." Total creatinine levels of urine were determined liy oxidation of 
aliquots with picric acid. The urine creatine level was obtained by subtraction 
of the figure obtained in routine creatinine determination from that obtained 
after picric acid oxidation of the creatine to oroatinine. 

Alpha-amino nitrogen, rcprc.senling the nitrogen from the aljiha amino 
acids, was determined on plasma following tbe method of Maebhulyen.-^ These 
determinations were carried out only on plasma. 

The balance of the nonprotcin nitrogen fraction remaining after stdilrae- 
tion of the nitrogen in nrea, uric acid, creatinine, and al])ha-amino acids was 
labeled “undetermined nitrogen.” Because of tbe constancy of values obtained 
for uric acid, creatinine, and carboxyl nitrogen, llieso determinations were not 
made as frequently as those for urea and total nonprotcin nitrogen. Values on 
intervening days were obtained by interpolation. 

Estimation of the area burned in a given iiaticnt. was based on the method 
of Berlcow."* 

RESULTS 

All patients studied since January, 1943, who had plasma nonprotcin nitro- 
gen levels of over 100 mg. per cent of plasma died. An additional thirteen 
patients died with somewhat lower levels. Of this group two had been burned 
on contact with high voltage electric current and were thought to have died of 
the effects of the passage of the electric current, three died of raiiidly develop- 
ing shock, and three of pre-existing disease. The remaining five patients had 
plasma nonprotein nitrogen levels of over 80 mg. per 100 c.c. of iJlasma. In 
Eig. 11 is shown the correlation betAveen plasma nonprotein nitrogen and mor- 
tality. It also shoAA^s that no patient in the series haAdiig more than one-third 
of the body surface involved by third degree burns surAUAmd. 

Fifty to eighty per cent of the increase in the nonprotein nitrogen of plasma 
ivas due to the landetermined fraction. The only patients shoAving a fairly 
marked rise in urea nitrogen Avere those in Avhom marked oliguria Avas noted 
clinically. In most cases the rise in blood nrea nitrogen, the slight rise in uric 
acid nitrogen and in creatinine nitrogen in severe burns, and the small alpha- 
amino nitrogen component Avere all more or less constant. 

The cai'hon dioxide combining poAver of the plasma shoAved a tendency to 
drop ill the early stage of the burn, but usually returned to normal Avithin 
^orty-eiglit hours. Plasma chlorides AA'ere not remarkably reduced as a AAdiole, 
althoAigli in severe burns there Avas a definite depression (Davidson,-®’ Under- 
hill and associates^^’®^ and EosenthaP^). 
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Correlation of the output of nonprotein nitrogen in tlie nrine with the 
severity of the bum was not as close. There was some increase in nonprotein 
nitrogen excretion on the first few days and again toward the end of the period 
of toxemic symptoms. The excretion of nonprotein nitrogen rose during the 
phase of clinical toxemia at some point within the first ten days after injury and 
then dropped between the seventh and twelfth days, usually corresponding with 
an amelioration in the clinical signs of toxemia. However, a number of patients 
with severe burns and a good urinary output did not excrete excessively large 
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amoimts of nonprotein nitrogen in the urine. Thirty to fifty per cent of the 
inerease in urinary nonprotein nitrogen was undetennined nitrogen and most 
of the balance was urea and ammonia nitrogen. There was an increased excre- 
tion of creatinine and creatine during the acute phase of toxemia, but this 
accounted for only a small part of the niti’ogen. Uric acid nitrogen excretion 
remained relatively constant for each patient. Albuminuria was not excessive. 

There was a decrease in ui’ea clearance during the stage of toxemia. The 
tendency toward decreased urea clearance, and also a reversal of the albumin- 
globulin ratio, persisted in patients haidng extensive third degree burns until 
the granulating areas were covered ivith skin. 
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Transfusion of whole l)loocl or i>lasina enuscd a slifilit rise in Iho nonprolcin 
nitrogen fraction. Tt might be considered )U)ssiblc that the plasma and urinary 
nonprotcin nitrogen elevations observed in toxemia were due to the massive 
infusion of plasma necessary to combat shock. However, similar changes in 
the plasma nonprotcin nitrogen were observed in patients who I’ccoived no 
plasma. One patient (Case 42) with a 10 per cent burn had a plasma non- 
protein nitrogen elevation of 42.0 mg. per cent and another (Case 43) with a 
12 per cent burn bad an elevation of 40.0 mg. per cent above the noianal of 
35.0 mg. per cent. 
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It was hoped that the large fluid intake of the patients treated with sodium 
aetate solution might prevent oliguria and prevent or greatly reduce the rise 
in the nonprotein nitrogen concentration in the plasma. It did appear to aug- 
ment the urinary output, but the effect on the nonprotein nitrogen concentration 
was disappointing. No significant difference could be established in the series 
ot patients treated (Fig. 12). 

DISCUSSION 

Wilson, MacGregor, and Steward® stressed the evidence of liver damage, 
in their paper in 1938, and changes in liver function were reported by Wolff, 
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Elkinton, and Elioads^® in 1940. However, Wells’^ and "Wells, Humpiirey, and 
Cole*'® showed that tannic acid eonld produce such damage and the su1)secpicnt 
papers of Hartman and Eomence and Erl), IVIorgan, and Parmer^' leave little 
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present tlaln indiejiling fliat Mum* of llio oUum- laniiing agents may liave liad a 
similar intiiicnee. 

Since the ahandonment of tanning asicnts in the Ideal treatincnl, much less 
disturhance of liver function has been found.'" There is, however, .some dis- 



Fig. 14 B (C. C., Case 19 ). — Kidney; vacuoUzation and autolysis of tubular cells (X 700 ). 
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turbanee, and the liistologic evidence of moderate dc"enerali\e dianges lias 
been fonnd at autopsy (Fig, 13). 

As the emphasis on liver damage as a posbil)le explanation of the deaths 
during toxemia has receded, the importance of renal injury has received more 
attention. In two of the patients in the present seiies very severe oliguria 
developed vith considerable rise in urea nilrogen. 




Fig 15A <H OX, Cast* 45). — Kidne> , essentially normal (XlSO)* 
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Of the cases presented here in detail, tlirce patients died witliin tlirce to 
five days alter receiving severe burns, with all the clinical evidence of severe 
toxemia. Post-mortem examination of tho.se patients showed evidence of a 
to.xic nephrosis with glomeruli intact but with marked degeneration of the entire 
tubule. The lining epithelium Avas necrotic and in many cases completely ab- 
sent (Fig. 14). One patient (Case 19) died in renal failure. Sections of renal 
tissue from a patient dying fifteen minutes after receiving a third degree burn 
of 95 per cent of the body are included as controls for comparison with tissues 
of patients dying of burn tox'cmia (Fig. 15). These patients all .showed the 
marked ganglion cell degeneration in the bi-ain that was reported previously.^” 

Ill spite of the occurrence of oliguria, azotemia, and severe histologic changes 
in the kidney tubules, it docs not appear that these patients died primarily of 
renal faihu’e. The urea nitrogen did not reach the levels commonly seen in 
uremia, and in one of the patients with oliguria the daily urine volume had 
returned to normal before death. Furthermore, the urine output of nitrogen 
was increased in most instances after the burn, and the azotemia' evidently de- 
veloped in spite of increased nitrogen elimination. Jlorcover, the fractionation 
of the nouprotein nitrogen indicates that most of the azotemia was due to a rise 
in the undetermined fraction of the plasma nonprotcin nitrogen. 

In a few patients in the scries the polypeptide fraction was determined by 
analyzing specimens for carboxyl nitrogen before and after phosphoric acid 
hydrolysis. The polypeptide fraction thus determined was elevated in rabbits 
as reported by Lambret and his associates.®’ 

The association between the clinical evidence of toxemia and the early rise 
in plasma undetermined nitrogen suggests that further investigation of the na- 
ture and origin of this fraction might be worth while. The substance or sub- 
stances represented could be toxic or merely physiologically inert breakdown 
products resulting directly or indirectly from the lysis of the damaged tissues. 
Other experiments in this direction are in progress. 

CONCLUSIONS 

There Avas a marked rise in plasma nonprotein nitrogen Avithin tAvo to six 
days folloAving thermal burns in seven patients. The rise in plasma nonprotein 
nitrogen Avas due chiefly to an increase in an as yet undetermined fraction. 

The degi’ee of this rise Avas of prognostic importance. 

There Avas a constant but less marked increase in the excretion of urinary 
nonprotein nitrogen, Avith 30 to 50 per cent of the increase due to the unde- 
termined fraction. 

There Avas a considerable depression of the urea clearance during the phase 
of toxemia AA'hich persisted to some extent in cases of severe burns until the 
injured areas Avere epithelized. Since the occasional increase in blood urea 
nitrogen was not proportional to the rise in undetermined nitrogen, and since 
the urinary output was generally somewhat increased, it seems unlikely that 
kidney damage is the usual cause of death in burn toxemia. 
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SUJ?GE]{Y OF COLON Ah5 Sl-NCN IN AN OVJiJx’GliAS 
GENERAL 3IOSPJTA1. 

CoLoxKi. Guv W. ]1oi{.si-i;y a.n'o C.m>taix IGciiaim) a. I\Iiciiaijx, i'\li:i)ifAi, Coin’s, 

Aumv or Tin: Uxinm .S'I'a'ii-s 

QUKGERY of tlie colon :is .seen in ii <rcncr:il liospilal in Ifal}' consisted 
kJ chiefly of tlic care, closure, and (roalnienf of colosloinics which liad been 
performed in the forward nrea.s for large liowel jicrforations. Tlierc were 
only five original colostomies jicrfornicd during this time by n.s, so the cliief 
problem, aside from treating associated injuries, has been the selection and 
closure of colo.stomies suitable for closure in the lime allotted for holding patients 
in an overseas theater. This rejiort covers a period of thirteen months from 
Jan. 1, 1944, to Feb. ]. 1945, during wliich lime 111 colostomies were seen, 
of -which only 40 were closed. 

There is no dispute concerning exteriorization of the injured large bowel. 
This is now a well-established jirinciple, which was brought strongly to our 
attention by Ogilvie in his writings on the British campaign in Jjybia. If the 
injured part of the large bou'el cannot be exteriorized, then a proximal colos- 
tomy should be done. This also is an e.stablished iii-inciple which has lU'O- 
clucecl excellent results. 

As to the tj’pe of colostomy that .should be done, there is still some con- 
trovewj’. Among the patients urn have .seen there have been many tj’pes of 
colostomies represented, ranging from the inefficient tube colo.stom\^ to the 
more radical double-barreled colostomy, with its limbs divided, and in some 
cases the stomata separated by skin. Tliese extremes were rare, and for the 
most pai't colostomies have fallen into two classes, the spur and the loop. 

'ere are some who advocate the doidde-barreled spur type of colostomy, and 
contend that a loop colostomy will not comidetelj’- shunt the fecal current from 
tie distal bowel. On the other hand, we liave found that the simple loop, 
u len properly exteriorized, M'ill completely shunt the fecal current. The loop 
CO ostomy can be done more easily, and at time of closure the continuity of 
le bowel can bo restored more nearly to its original status. If it becomes 
uccessaiy to resect a tiortion of the large bowel, then the double-barreled spur 
3 pc is used. When this tvpe of colostomy is performed, the spur should be 
clamped fairly early. 

_ In the majoritj’ of the battle casualties in which there were large bowel 
lujuiies, the looij colostomj’ has been the method of choice because it is only 
^emporaiy and is done in oi'der to sidetrack the fecal current for four to eight 
^j’cevs. In eases where there is only one perforation of the large bowel, this 
cs occasionally been closed and exteriorized. In some cases of this type, it 
th* iiot been necessary to open the loop and after eight to ten days to allow 
. — ^_jealed perforation to retract into the peritoneal cavity. Most of these 
Ueceived for publication, Sept. 24 , 1945 , 
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patients will require a repair of tlie abdominal wall weakness at a later date, 
which is a simple procedure as compared with a colostomy closure. 

All types of colostomies will have a tendency to retract during the first 
few weeks and the glass rod or tube placed under the loop will prevent this 
retraction and keep the posterior bowel wall level with the skin. If this is 
maintained for several weeks, and the colostomy opening is adequate, there 
will be no spillage of fecal material over into the lower bowel. It is best to 
open the bowel along its long axis, not necessarily in the longitudinal bands, 
and to have two-thirds of the incision on the oral side of the suppoiding rod. 
The mucosa will soon evert due to contraction of the circular musculature of 
the bowel. This type of incision is more readily closed and if the suture line 
is transverse to the bowel axis the closure will produce less constriction of 
the lumen. 

As our experiences have dealt principallj' with the treatment of colostomies, 
we will deal chiefly with the treatment we have used pre- and postoperatively, 
the technique of closure, and supportive methods used in those colostomies 
unfit for closure in overseas theaters. Several which are representative of 
the types seen are also briefly reported. 

After a patient with a colostomy has been admitted to a general hospital, 
and his case reviewed, one of the first questions that arises is when and where 
the colostomy should be closed. If the patient is debilitated and has other 
injuries which take priority over the colostomy, it may be best to return him 
to the Zone of Interior as soon as possible. 

Of tlie 111 colostomies, 40 wore closed. The reason for the colostomies is 
sho-wn in Table I. The sites of injury arc about equally divided over tlie 
large bowel, and closures are likewise equally divided among the sites of injury. 


Table I. Location of Injury Wnicn Necessitated Colostomy 



colostomies closed colostomies not closed 

t TOTAL 

Cecum 

4 

6 

10 

Ascending colon 

4 

5 

9 

Transverse colon 

7 

10 

17 

Descending colon 

5 

12 

17 

Sigmoid 

5 

13 

18 

Rectum 

10 

20 

30 

Perineal wounds 

5 

5 

10 

Total cases 

40 

71 

111 


The additional associated injuries are shown in Table II. Except for 
those patients who had paralysis of the major nerves, there seemed to be no 
one single injury which was thought to preclude closure before the patient 
was returned to the Zone of Interior. It was thought that the nem^e lesion 
took priority over the colostomy and in these patients it was best to evacuate 
them as soon as they were in satisfactory condition, or to suture the nerve and 
leave the colostomy closure for a later period. 

In Table III are given the complications which arose in addition to the 
injuries originally received. Infected abdominal wounds were the most fre- 
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~n~T fl.nKKn COl.O.SI OMlR -S NOT fl-OSKH 


Snuill howol perforation.'' 
(single) 

(muUiplo) 

Bladder perforation 

Spleen 

Liver 

Extenpive soft tiasuc injnrie.p 
Chc.st and hui" injurie.-i 
Paralysis of major nerve.s 
Fracture.s 
Hium 
Ischium 
Pubis 
Sacrum 
Cocc.vx 
Extremities 
Skull 

Amputations (major) 

Arm 

Thigh 

Leg 


1 

M 


t) 

1 

1 

.0 

0 

0 

0 


1.5 


1.5 

.5 

0 

12 


I 

1(1 


R 

•I 

n 

iti 

♦« 

12 


S 

•1 

■1 

30 

•1 

.5 

•11 


S 

,10 


11 

0 

•> 

11 

d 

17 

o 


TOTAI, 

3 .^ 


10 

n 

c 

■15 

9 

5 

5.1 


queut single cause xvliich prevented the closing of the colostomies. In all of 
these eases of infected ivonnds the colostomy had been bronglit out of the 
original abdominal incision, and not out of a small separate incision. 

It is of interest to note, in view of the controversy concerning the cause 
of hepatitis and the possibility of transfn.sions of blood and pla.sma pio nc 
ing or being a contributing factor, that there ivas only one case of lepati is 
in this series. All of these patients had multiple transfusions of both blood 
and plasma before and after admi.ssion to our hospital. 


Table III. Complications 


colostomies closed 

colostomies not closed 

total 

Pneumonia 

1 

8 

y 

7 

Intestinal obstruction 

2 

5 

8 

Osteomyelitis of pelvic bones 

Infected abdominal wounds 

0 

8 

13 

(original exploratory incision) 

0 

13 

1 

Hepatitis 

0 




The mode of injury is shown in Table IV. As would be expecte , s e 
fragments caused the greatest number’ of injuries, but even so twenty ve 
injuries from rifle or machine gun bullets seems high for this theater. 


Table IV. Mode of Injury 


Shed fragment 
Bullet 
A.ir bomb 
Band mine 
Hand grenade 
Blast injury 
Stab wound 


colostomies closed 


30 

7 

0 

1 

0 

1 

1 


colostomies not closed 
48 
18 
3 
1 
1 
0 
0 


Total 


40 


71 


TOTAL 


78 

25 

3 

2 

1 

1 

1 


111 
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First, the complicating injuries must be treated. The soft ti.s.sue -wounds 
are secondarily sutured or covered by skin graft, and the fractures treated 
according to their need. If there are open wounds near the colostomy which 
are continuously being contaminated, it may be necessary to close them at the 
time the colostomy is sutured, but all other wounds outside the area of con- 
stant contamination should be closed at the earliest possible time. Wounds 
of the iliac region and flank can often be closed and kept clean bj’- appropriate 
dressings and care. In secondarily closing such wmunds it is advisable to make 
a verjf loose closure with adequate space between each skin suture for drain- 
age. Those patients who were in poor general condition or had other serious 
complicating wounds such as chest and lung injuries, destruction of the blad- 
der, rectum, and anus, severe compound fractures, and laparotomy wound 
infections fall into the class where closure should be delayed. In those cases 
where time and condition allowed closure to be done in this theater, it was 
found that six weeks after the initial injury -was an adequate interval to wait 
before closure, and in some cases closure could be done sooner. Immediately 
preoperatively the patients are put on a liquid diet for twenty-four hours. A 
rectal examination is done daily for three days preoperatively,' and if any 
fecal material is found, an oil enema followed by a saline enema is given. Due 
to the great importance of having the lower bowel clean, the final cheek should 
be done by the surgeon himself. It might he added that fecal maternal is just 
as frequently found in the lower bowel when a double-barreled colostomy has 
been done as in the loop colostomy and most often it is not due to the spilling 
over of fecal maternal but was present in the lower bowel at the time of injury 
and had not been expelled or removed. 

The colostomy should not be closed after division of the spur until edema 
of the mucosa has subsided, which usually takes several days. It should then 
be examined carefully to see that the spur has been cut down sufficiently and, 
if not, the spur should be further crushed. 

Here again there is advantage in tlie loop colostomy, because there is no 
spur to be clamped with resulting edema, and consequently there is less chance 
of edema along the suture line at the time of closure, for it is ’vr'cll iniown that 
clamping the spur interferes wdth circulation of the bowel. There is also less 
chance of obstruction in a bowel that has the posterior part of the bowel wall 
left intact, especially that part along the mesentery attachments, as is the case 
in the loop colostomy. 

The technical procedure carried out, with bxit few exceptions, in closing 
these colostomies is as follows; With the patient under nitrous oxide-ether 
anesthesia, the abdomen is prepared and draped, and the mucosal margins are 
then loosely closed with interrupted No. Ofl chromic catgut sutures to prevent 
further soiling. The suture line should he transverse to the bowel axis to pre- 
vent constriction of the lumen. The abdominal skin is again cleansed and 
painted with iodine and alcohol and the patient completely draped. TJie sur- 
rounding tissues are fir.st freed from the bowel down to the peritoneal cavitj'- 
The bowel closure is completed with two more rows of No. 00 chromic catgut, 
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the first oi' ^vluell is a coiilinuotis mattress stiteli and tlic second a row of 
interrupted sutures. The two end .sutures of this second row arc Jeff lon<!: and 
after the sutured colon lias been placed hack into the jieritoneal cavity, they 
are passed through the peritoneum and tied so that the. suture Hue of the 
bowel is held against the peritoneum, just heueath the wound. The ])eri- 
toneuiu, muscle, and facia are then closed in layers with interrupted chromic 
catgut. The skin is left unsuturod and is drawn together on the fourth post- 
operative day with tlauied adhesive. 

Occasionally it has heen found that this jirocedure would con.strict the 
bowel lumen and before clo.sure is begun an additional longitudinal inci.sion 
Avas made in the bowel and then this enlarged stoma closed ti-ansversely. In 
these cases and in a few others it was necessary to open the ])erilnneal cavity 
before the mucosa was com]iletcly closed, and to free up both ends of the 
bowel. In two or three eases, where a double-barreled colostomy had been 
done, there Avas no lic.sitancy in doing a complete end-to-end anastomosis to 
insure an adequate boAvcl lumen. 

Postoperatively we have used constant gastric and duodenal suction rou- 
tinely for the first three days, during which time the jmtient is given 2,000 c.e. 
of 5 per cent dextro.se in saline solution and one unit of plasma intravenou.sly, 
daily. About the third day, Avhen the patient usually begins to pa.ss gas per 
I’eetum, the suction is discontinued, and clear fluids, cereals, and jellies are 
started by mouth. The diet is gradually increased Aintil the tenth day, when 
the patient is placed on a regular diet provided there have been no complaints 
or discomfort after taking food. After the first Aveek the patients are given 
30 c.e. of mineral oil daily, and frequent rectal examinations are done to make 
sure that there is no accumulation of fecal jnaterial in the loAA'er boAvel. An 
oil enema is given wheneA’er necessary. If these patients IniA-e no other com- 
plicating injuries, they are alloAved to Avalk about the Avard on the tAvelfth 
postoperative da 3 \ 

In the patients in Avhom closures Avere done there Avere tAVO Avho developed 
intestinal obstruction postoperatively. In both, simple catheter enterostomies 
were aU that Avas necessary to relieve the obstruction, and both patients were 
ack on a general diet Avithin a fcAv AA’^eeks. The enterostomy tubes Avere re- 
moA'ed approximately ten days later and these Avonnds liealed spontaneously. 

my one of the colostomies Avliich Avas closed developed a superficial Avound 
nifection AA'hich cleared up readily and did not prolong the period of hos- 
pitalization. In one other case the Avound broke open, and there was a small 
amount of fecal drainage for several days, after Avhich it closed spontaneously. 

is Avas the only case in AA'liicli a Amntral hernia deAmloped, requiring repair 
at a later date. There Avere no deaths among the 111 colostomy eases, and 

evidence of peritonitis Avas found in any of the 40 patients after the closure 
aperatiou. 

IfiAm brief reports of typical cases are given here. The first three 
aie cases in AA'hich closure Avas not done; the reason for the delay in closure 
*s quite obAdous in each case. In the last two cases closure Avas done and the 



850 


SURGERY 


patients have had no further sjnnptoins after being evacuated. One .(Case 4) 
of the two had a postoperative obstruction caused by extensive edema at the 
suture line which was produced by enfolding excessive mucosa at the time of 
closure as the colostomy opening wms quite large (see Fig. 4). * 

CASE REPORTS 

Case 1 (Fig. 1). — A soldier wounded in action by enemy shell fragments on Aug. 26, 
1944, near Cleon, France, sustained a severe penetrating wound of the abdominal cavity 
with perforations of the stomach and transverse colon. Debridement of the wound of 
entrance, which was in the midaxillary line between the tenth and eleventh ribs, removal 
of foreign body, closure of the gastric perforation, and a double-barreled colostomy in the 
transverse colon were done on the day of injurj' at an evacuation hospital. This patient 
was admitted to the Forty-fifth General Hospital on Sept. 2 , 1944, at which time he was 
markedly dehydrated and in poor general condition. It was also noted on admission that 



Fig. 1 (Case 1). — Proximal limb of colostomy has retracted; an intraperitoneal abscess de- 
veloped which drained both througli the bowel and around the colostomy. 

the proximal exteriorized portion of the colon was gangrenous and sloughing. For the 
next twelve hours after admission liis condition became progressively worse, his abdomen 
distended and aperistaltic. After forty-eight hours, during which time he was given intra- 
venous fluids and blood transfusions, and constant gastric suction was maintained, his 
general condition improved and he began to pass a small amount of gas and liquid feces 
through the colostomy. From this time on his condition became steadily better. He later 
developed a left pleural effusion, for which multiple chest aspirations were done, and an 
intra-abdominal abscess, which drained spontaneously through the mid-portion of the 
laparotomy incision, and from the lumen of the distal limb of the colostomy. This drain- 
age ceased spontaneously and his condition became suitable for evacuation to the Zone of 
Interior on Oct. 16, 1944. 

In this ease several months’ convalescence was necessary before closure 
of the colostomy could be attempted. A spur type of colostomy was done, but 
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there was too inueli tension on the iiroxinial end niid also an inadequate blood 
supply. Several inehes of tlie bowel slouirbed and the entire colostomy re- 
tracted, from wbieb infection of tlie wound developed and also an intraperi- 
toueal abscess. In this ease it would have been better to have brought the 
ends of the bowel out of separate wounds or to liavo freed uji more of tlie 
bowel before forming a spur. 

Case 2. — A j)atieiit wounded in iielion l>y enemy .«lip]l frnfrinents Ang. 2G, near 

Alle.x, France, sn.stained lliree jierfnrations of (he jejuntim nnd severe dannigo to the 
splenic flexure of the colon. 'I'lie perforations of (lie .■jejnnuin were closed, the splenic 
fle.xure of the colon resected, nnd .a spur colostomy done in ii tield hosiiitnl on the day of 
injury. On the fifth po.stoperative day the patient developed signs of a right .suhphrcnic 
abscess which was drained trnnsahdoininally, just below (he costal niaigin in the anterior 
axillary lino, and about .SOfl e.e. of purulent bile-stained material was obtained. It was 



-“i ICtase 2). — The Urain is shoivn in the subdiaphragmatic abscess which later 
of tho ^ duodenal fistula. There was also an acute obstruction of the lower portion 

WHO . bowel. Duo to the recent duodenal fistula and intestinal obstruction the patient 

"as eiacuated without closure of the colostomy. 


noted on the following day that duodenal contents were draining from the abscess cavity. 
On admission to tlie Fortj'-fifth General Hospital on Sept. IS, 1944, the patient showed 
niarked excoriation of the abdominal wall and on the first day after admission there was 
,800 c.c. of duodenal drainage. Continuous suction was used to keep the wound dry and 
the duodenal fistula gradually closed spontaneously. On Oct. 27, 1944, the patient devel- 
oped an acute intestinal obstruction which was found to be in the lower small bowel and 


caused by adhesive bands. After release of these adhesions the postoperative course was 
uneventful and he was returned to the Zone of Interior on Nov. 29, 1944 (see Fig. 2). 


In addition to the abdominal injuries, lie bad a severe wound of the left leg with 
fracture of the fibula. After the duodenal fistula had healed and 
g m picture liad been brought up to normal, the leg wound was closed by suture and 
P skin grafts. After his return home, the colostomy was successfully closed. 
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Closure in this patient and also the patient in Case 1 could have been 
done overseas, hut it is felt that colostomies with definite intraperil oneal or ab- 
dominal wall infection are best closed three or more months after injury and 
therefore evacuation to the Zojie of Interior is advisable as soon as the infec- 
tion has been cleared up and the general condition permits. 

Case 0. — A soldier wounded in action bj- an enemy land mine Aug. 31, 1944, near 
St. Maxine, France, sustained three perforations of the ileum, a perforation of the rectum, 
a lacerated spleen, and a compound fracture of the right femur. T!ie three perforations 
of the ileum and the perforations of the rectum were sutured along witli a splenectomy 
and a loop colostomy of the .sigmoid at an evao.uation hospital on the day of injury. On 
Sept. 4, 1944, the thigh wound was debrided and the fiacturcd femur was fixed with three 
vitallium screws. The patient was admitted to tlie Forty-tiftli General Hospital on Sept. 



Fi{j. 3 (Case 3). — This patient (leveloped a large intra-abdominal abscess wliicli drained 
through tlie mid-portion of the laoarotomy incision. It would have been better to liave brought 
the colostomy out of a separate incision. Thi.s patient .al.so had a severely compound com- 
minuted fracture of the riglit femur. 

1.3, 1944, in poor condition. A septic cour.se continued, with sign.s of an iutra-ahdomiiuil 
abscess. On Oct. 5, 1944, the upper end of the incision wins probed and a large amount 
of thick yellow pus obtained. After drainage of the abscess he improved steadily and on 
Nov. 7, 1944, his condition became suitable for evacuation to the Zone of Interior. The 
infection of the abdominal wound and resultant intraabdominal abscess can be partially, 
if not wholly, attributed to the colostomy being made in the original abdominal incision, 
as the infection was first noted there and seemed to spread downward. A colostomy 
through the original laparotomy incision in battle casualties sliould bo avoided if possible 
(see Fig. 3). 

Case 4. — A soldier wounded by enemy mortar shell July 17, 1944, near Palaia, Italy, 
sustained three perforations of the splenic flexure of the colon which were exteriorized as 
a loop colostomy through a stab wound in the upper left quadrant of the abdomen. He 
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)\as aJmittfd to llio I'oity-tiftli Goiioral on Sopt. 11:2, lOJl, in ^ood cnndilion. 

On Oct. n, ]0I'!, tlie colo''lotny was rloM'd. Ito dovolopcd an ubslinction on llic nintli 
po'stoperative day. for wliioli an ontoro'^ttnny wa.*. dono. 'I’ho jiationl sliowcd no furtlior 
signs of ob.st ruction. On Xov. M. I'.lll, lio ))as rolnrnod to tlio Zone of Interior, at wliicli 
time lie was anibnlatoiy !ind eating !i legtilar diet (see I'ig. ■!). 

Tliis colostomy is otu* of llic type wliicli we believe should be closed in an 
ovei'scas (heiitor. althonob the jmtient was one of the two avIio develojied an* 
obstnictioii rollowiiifr colostomy closnre. He bectime tr:ins])ortJible before the 
expiration of the time limit of hospitalization in this thettler. Severtil months 
later ho rc])or(ed that he was in excellent hetillh tind had htid no further 
trouble or complaints. 



at tViP (Case i ). — Mucli of the ninco.sn of the anterior part of tlie bowel was destroyed 

therp* original injury. The imico*'U was greatly everted and edematous, but 

‘ s no spillage of fecal material into the lower bowel. 


Case 5. — ^An officer ttounded in action by slicll fragment.'' on May lo, 1944, near 
adrogone, Italy, received a .severe penetrating nound of the left iliac region. The shell 
ragment produced a shattering fiacture of the left ilium and penetrated tlie sigmoid. The 
ounds Were debrided on the day of injury at an evacuation hospital and the injured bowel 
^as exteriorized as a loop colostomy. Eight days .later the patient was transferred to the 
sl^\^ CGneial Hospital nlierc he nas lecoivcd in good condition except for being 
®‘gitly anemic. He was given two blood tiansfusions of 500 c.c. each on successive days, 
cl d"** later, tuelvo days after his original injury, the soft tissue wounds were 

ofTl ' strips and dressings were placed in such a manner as to prevent soiling 

the wound in the iliac region from the colostomy. The soft tissue wounds healed rap- 
y and satisfactorily. 


no ^neks after the original injury tire colostomy was closed and the patient made a 

satisfactory recovery. Pour weeks later, after being ambulant about the ward 
jjj , 3ays, ho nas transferred to the Zone of Interior. Pour months after the orig- 
injury he wrote that he had been reassigned to duty and had had no furtirer trouble. 
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Closure was easy in this patient but is of interest because of the wound 
in the region of the left ileum which was being constantly contaminated by 
the drainage from the colostomy, and wntli a little extra care the wound was 
s\itured and healed readily. All concomitant wounds in these cases should be 
closed as soon as the patient’s condition permits. 

SUJIJIARY 

1. A brief summary has been given of 111 colostomy eases in an oversea.s 
general hospital. 

2. Treatment consisted of .supportive measures, closure of associated soft 
tissue woirnds and reduction of fractures, and the closure of many of these 
colostomies. There were no deaths in the entire series of 111 cases and 40 of 
the colostomies were closed. Postoperatively there was fecal drainage in only 
one patient, which cleared up spontaneous!}- witliin ten days. 

3. In injuries to the rectum and lower sigmoid the loop colostomy is ade- 
quate and preferable. 

4. Exteriorization of the injured part of the bowel by loop colostomy is 
advised. If the perforation is small, suture of the perforation and exterioriza- 
tion without opening the Itowel lumen, should be done. 

5. The colostomy should always be brought out through a small, separate 
abdominal incision, preferably away from the lower rib margins. 

6. Closure of colostomies should not 1)6 attempted in an overseas theater 
in the presence of wound sepsis or if obvious peritonitis has existed within 
six or eight weeks. 

7. No closure should be attempted until all plastic work on the lower 
bowel, anal sphincter, urinary bladder, or perineum have been completed. 



Review of Recent Meetings 




FTFTY-SEVENTir ANNlUIi .'\IEl!:TING' OF THE 
SOUTIIEEN SUEOTCAL ASSOCIATION 


Hot SpnixGS, Ya., Dkc. -1-G, in-in 
OKonoK D. Liu.y, !M.D.. 1*^i.a. 

members of tlie Soutlicrii Siir/jicul Assoeijilioii were tlie fiiiesls, JJeceniber 3, of 
* Brigadier General Clyde M, Beck and Colonel Daniel C. Elkin and (be Medical Staff 
at The Ashford General Hospital. During (bo morning a scientific program w.as i>resented. 
Captain William H. Galvin discussed Anesthesia for Operations of Long Duration. Captain 
William C. Ward and Major George C. Prather oullincd their Treatment of the Paralyzed 
Patient. Major William B. Patton described the Treatment of Pulsating Exophthalmos. 
Major Ernest G. DeB.akey reported bis experience with Repair of Extensive Nerve Defects. 

There was a symposium of Unusu.al Prohlcnis in Bone Replacenient. Captain Louis 
M. Rosati discussed Bridging of Defects of the Pemur. Captain Edmond R. Zaglio de- 
scribed a Deformity of the Radius Due to Aneurysm. And IMajor Hugh H. Trout, Jr., 
described The Repair of Skin Grafted Bone Cavities. 

Captain Pred W. Cooper, Jr., discussed Resection of the Clavicle for Certain Vascular 
Lesions. Major M. H. Harris considered the diagnosis and management of Arteriovenous 
Aneurysms of the Vertebral Vessels. Captain Jacob W. Kahn described the Effect of 
Atropine on Branham’s Sign. And James V. Wan-cn considered The Effect on the Circu- 
lation of an Arteriovenous Pistula, 

The fifty-seventh annual session of the Soutliorn Surgical Association was held at the 
Homestead Hotel, Hot Springs, Va., on December 4, 5, and G, 1945. 

Charles A, Vance presided and Alfred Blalock served as secreta^J^ I. A. Bigger was 
c airman of the committee on arrangements. 

William P. Longmire began the scientific program by describing A New Method for 
Constructing an Artificial Esophagus. Ho reviewed the medical literature on this most 
mteresting subject, and then described a procedure employed bj’’ himself and Mark M. 
avitch on three patients. A long segment of proximal jejunum with a single arterial loop 
ood supply was isolated and the continuity of the intestinal tract was re-established. 
IS isolated loop was then brought out upon the abdominal wall through a stab wound 
was used as the inner lining of a long skin tube which was made from the integument 
0 the anterior abdominal wall. In a short time the isolated segment of bowel had begun 

0 erive its blood supplj- from the enveloping skin tube, and it became possible to sever 

1 s mtra-abdominal blood supply. This created a typical tube flap w'hich was then ' ‘ walked ’ ’ 
mto place on the anterior thorax so that it could be attached to the cervical esophagus 
^ O'e and to the stomach below. Such a tube, with its intestinal lining, has the advan- 

^ge of a mucosal lining naturally adapted to its function, and swallowing is expedited 
normal peristalsis w’hich occurs in this type of tube. A motion picture was shown to 
emonstrate the normal peristalsis in the tube after the operation was completed. 

^ Champ Lyons presented the results of his Investigation of Chemotherapy in Wound 
is Mediterranean Theatre. L 5 mns stressed the point that no chemotherapy 

— va lue in the prevention of toxemia caused by the absorption of the products of tissue 
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decomposition wliicli occurs in wounds not projM'rly deljrided. The antibacterial potency 
of various drugs was studied on microorganisms which wore divided into three categories; 
true pathogens^ wound pathogens, and commensal organisms. Lyons concluded that the 
local application of sulfonamides is defiiiitelj' injuriou.s. He advocated thorough debride- 
ment (not "wound trimming’’), proper wound splinting, and the systemic use of the proper 
drug for the particular pathogens encountered. 

Major Bobert P. Kelly discussed the experiences which he ajid his colleagues, Captain 
Louis M. Eosati and Captain Bobert A. Murray had had with The Treatment of Traumatic 
Osteomyelitis. Tlie}' advocated early excision of the diseased tissue with a temporary 
covering by means of a dermatome graft. This temporary repair could be followed by 
a pedicle graft at a later date. 

Walter C. G. Kirchner outlined his method for The Treatment of Chronic Osteomy- 
elitis and Deep-Seated Infections hy the Employment of an Epithelized Sinus or Drainage 
Channel. He pointed out that such infectious were cleared up most readily when open 
drainage was effected. To accomplish this, he advocated the creation of channels down to 
the site of infection. By keeping these channels open with dilators, he allowed the con- 
tiguous epithelium to grow down into the drainage tract. He found that these epithelial- 
lined drainage channels as.sured direct, prolonged drainage, and relieved tension. He has 
found that as the healing x)rocoss takes place the channel closes. 

Guy A. Caldwell presented his method for The Bepair of Bone Defects Associated 
With Chronic Osteomyelitis. He advocated the removal of all scar tis.sue and ebonated 
bone to the extent that all remaining ti.<suc had a healthy blood supply. He then employed 
muscle grafts to fill the cavities and these were, in turn, covered by skin. In twenty-one 
cases of localized osteomyelitis treated by this method, 81 per cent healed per primam, and 
03 per cent remained healed. In twent.v-two cases of hematogenous osteomyelitis, 81 per 
cent healed per primam and Oil per cent remained healed for a period of observation rang- 
ing from five to twelve months. Caldwell gave a clear description of the pathology in- 
volved in osteomyelitis, and pointed out the necessity of removing all infected tissue and 
sear, as well as all sclerosed bone. 

George D. Lilly advocated lumbar sympathetic ganglionectomy as a preliminary pro- 
cedure before doing an obliterative endo-aneurysmorrhaphy upon Aneurysms of the Lower 
Extremity, He exj)lained that sympathectomy was a quick and efficient method of estab- 
lishing adequate collateral blood supply to an extremity, even in individuals with advanced 
arteriosclerosis. He reported four cases in which major vessels had been occluded in clderlj 
people with no evidence of impaired circulation or function. 

Colonel D. C. Elkin discussed Cirsoid Aneurysms. He called attention to the fact 
that trauma to a pre-existing telangiectatic area frequently is the cause of cirsoid aneu- 
rysms. For this reason, such lesions have been observed more frequently during wars. 
Several personal cases were presented and their treatment described. Elkins has found 
that in treating this type of lesion in the scalp, the best results can be obtained by ligating 
the superficial temporal artery, turning down a scalp flap, opening the gala, and excising 
the vascular mass from the underside. He illustrated excellent results from the use of 
this method. 

Jobn. J. Eemberton reported a case of Traumatic Arteriovenous Fistula Involving the 
Abdominal Aorta and the Vena Cava. With the assistance of Philip H. Seefeld and Nelson 
W. Barker he was able to repair this defect by a transvenous approach. The patient uas 
a SS-yeat-old man, who had received a gunshot wound seven years previously. Hemostasis 
was obtained by digital compression of the aorta, and the fistula was sutured with si! '• 
This is the fust successful case of this type to be reported. 
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Lieutenant Colonel Mlcliacl E. DoBakcy mialyzerl llic iiieidenec mid icsuHk of 11,45.'! 
Vascular Injuries in tlie United States Army During World War II. DcBakcy’s study 
contains a wealth of statistical data which will he of great value in further studies por- 
taining to vascular injuries in warfare. 


A Symposium dealing with the Newer Concepts in the Tre.atmcnt of the Paralyzed 
Patient Due to Wartime Injuries of the Spinal Cord was presented by a group of Army 
surgeons. 

Colonel D.avid H. Poor outlined a plan for the nuinagcinenl of this tyjie of case and 
described the results of nutritional studies. Poor rejinrted that there were 1.4,000 such 
cases in the Army. Ills group had had seventy-seven cases at the Newton I). Baker Hos- 
pital, and in this seiies one-fifth of the injuries were in the cervical region, 40 per cent 
were in the cauda equina, ;!S jier cent wore complete, and 02 per cent were incomplete. 
'When these patients were admitted to general hospitals, 74 jier cent had developed emacia- 
tion with an average weight loss of forty itounds. Most of them had secondary anemia, 
and 4G per cent were in negative nitrogen balance; 57 per cent had decubitus ulcers. In 
accordance with specific. Army logulalions, all of them had had .sui>rapubic cystotomies 
done; 57 per cent had had laminectomies. Tn his series there was one death. Bach of his 
sovcnty-si.x remaining patients was able to .sit in a chair within one month after admission. 


Lieutenant Colonel Charles W. Elkims and M.ajor Walter R. Wegner described the 
neurosurgical management of these patients. Twelve still had foreign bodies in the spine. 
The.se were removed. There was no evidence of improvement after the removal, but the 
patients did not get any worse. It was felt that the fornuition of additional scar tissue 
was avoided by rcnioviug the foreign bodies. iMany patients were subjected to operation 
because of pain. Spinothalamic caudotomy was of value. A great deal of diflicultj' was 
experienced with uncontrollable spinal reflexes. He classified those reflexes as being flexion, 
extension, reflex stepping, and crossed reflexes. They found that the level of the injury 
had no bearing upon the nature of these reflexe.s, except that cauda equina lesions were 
alwaj’s flaccid. They found that extensor reflexes were frequent in incomplete lesions. 
They emplo 3 -ed anterior rhizotonn- in some of the more severe cases. 


Major Boris P. Petroff discussed the use of Streptomycin in the Treatment of Urinary 
Infections in Paralyzed Patients. He advocated the surgical treatment of calculi and ab- 
scesses, and found that streptoinj-cin was of great value in the treatment of some of the 
more prevalent gram-negative bacilli infections. He found that some of these organisms 
developed resistance to streptonn-cin, but their pathogcnicitj' was reduced bj' the drug. 

Captain Donald E. Barker discussed these seventy-seven cases from the standpoint of 
the plastic surgeon. He found that decubitus ulcers were a major problem, and described 
his technique for repairing them. 


Admiral Winchell M. Craig, in discussing these presentations, stated that the Navj^ 
^as doing a transurethral resection of the internal sphincter of the bladder with good 
results in manj- cases of paralysis. 


®^Ptain Robert L. Payne, Jr., and Captain Darrel Shaw described The Repair of 
hr ace Defects of the Upper Extremity. Thej- stressed the importance of repairing skin 
e ects first and then repairing injuries to the bone, tendons, and nerves after healing had 
' en place. Thej”^ made extensive use of abdominal skin flaps and stressed the impor- 
ance of accurate and complete closure of all tube flaps, in order to avoid infection. Photo- 
rap IS of manj' patients were used in demonstrating technique and exhibiting results. 


of D Colonel T. G. Blocker described The Use of Cancellous Bone in the Repair 

6 ects About the Jaws. He called attention to the great increase in the incidence of 
adv^ injuries of the face and jaws in World War II, as compared with World War I, and 
pure cancellous bone from the ileum in repairing such defects because 
of ^**nnd that the rate of bonj' regeneration is inversely proportioned to the density 
'a hone used. He described the use of this material in 457 injuries. 
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John Staige Davis compared Plastic Surgery in World War I and World War n. 
He found that no neve principles had been devised in cither rvar, but that the vast abun- 
dance of clinical material enable plastic surgeons to improve and perfect their technique. 
He found that militarj' organization for adequate, competent treatment by well-trained 
experts working in highly specialized centers had made (his work much more valuable in 
World War 11. He pointed out that the attention j)aid to psychologic problems in plastic 
surgery problems in this war had been of great value. 

Charles S. Venable and Walter G. Stuck advocated Muscle Implant in the Treatment 
of Non-articular Hypertrophic Arthritis of the Hip. The clinical picture and pathologj' of 
aseptic necrosis of the head of the femur was described, and their method of cutting a 
slot in the front surface of the greater trochanter and neck of the involved femur was 
illustrated. A muscle flap from tho vastus lateralis was transferred into tliis bony slot. 
They believe this establishes a new blood supply to the ischemic bone. In twenty-six of 
their twenty-seven cases, all pain was relieved. 

Albert Key discussed tho use of Bunnell’s Pull-Out Wire Sutures for the Fixation of 
Tendons. He illustrated the use of stainless steel wire as a pull-out suture, as first de- 
scribed by Bunnell in 193-1. Ho believes that this method has a great advantage in tendon 
suture because the suture material is strong, flexible, and can be removed in four weeks 
leaving no foreign body in the tendon. 

William H. Prioleau described Muscle Flap Closure of Cavities Resulting From Lung 
Abscesses. He felt that such procedures should be carried out in multiple stages. Catheter 
drainage should be employed, the remaining cavity should be unroofed, then the residual 
cavity and the associated bronchial fistula should be closed by transplantation of muscle 
flaps. Nine personal cases were described. 

Lieutenant Colonel Brian Blades reported The Cases of Mediastinal Tumors Treated 
at Army Thoracic Surgery Centers in the United States. Of the 107 cases studied, 23 were 
bronchogenic mediastinal cysts; 17 were benign teratomas; 6 were tumors of thymic origin; 
21 were benign neurogliomas; 1 was a malignant neurosarcoma; 7 were unclassified cysts; 
1 was a thyroid adenoma; 1 was a tuberculoma; 3 were Hodgkin’s granuloma. In this 
series there were no operative deaths. Blades feels that opening the chest to establish 
definite microscopic diagnosis is a safe and justifiable procedure. He does not approve of 
the use of x-raj' therapj- as a therapeutic test. 

Isidore Cohn read a paper on Dyschondroplasia. The embryolog}' and clinical picture 
of this hereditary developmental disease was described, and several cases from a single 
family were presented. 

Donald Guthrie and Gerard Gagnon discussed The Prevention and Treatment of Post- 
operative Lymphedema of the Arm. They reviewed a series of 100 breast operations, in 
which 46 patients had axillary metastasis. In this series there were S patients with lymph- 
edema, treated by the subcutaneous insertion of celloidin strips. These were left in place 
for from five to six weeks and they seemed to aid in the development of new lymph chan- 
nels. There was a marked improvement in the lymphedema of the arm. 

Francis M. Massie advocated Eefrigeration Anesthesia for amputations. He pointed 
out that with refrigeration, amputations can be deferred indefinitely until the patient can 
be properly prepared for surgery. A motion picture was shown to illustrate the use of 
this method. 

Colonel B. Glen Spurling and Lieutenant Colonel Barnes Woodhall described their 
Experiences With Early Surgery in Peripheral Nerve Injuries. Seven thousand end-to-end 
nerve sutures have already been reported in World War IL It is too soon to evaluate the 
final results, but it would appear that the best results are obtained when repair is carried 
out within three weeks after injury. In this series 91 per cent showed some evidence of 
regeneration. 
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Cobb Pilcher fli’scribi'd tbo Rndlcnl Extirpation of Vascular Malformations of the 
Brain, lie cxplnininl that roinoviil of .'■uch li'.«i<ins liml iihviiys loolcod upon with di.s- 
favor bcc.'ui.'JO of tlio I'onr rc.sult.**. IJo lioliovi',*;. liou-fvor, Hint if lo.«ioiia .nrc attinll nnci 
localkrd, and tlip .“ynipfoina nro Hovi'ro, o(ii>nilioii is indirnlod. 'i’liroo successful cnscs 
■were presented. 

Ernest S.achs pre.senicd an Analj'si.s of Brain Ab.scc.s.scs Obscn'ccl in the Past Thirty 
YCiirs. Hi.s .series coiitniiied 1-12 cases; 12S of these pntient.s were ojiernted upon and 59 
of (hem wore cured. He .ndvoented conservative irentiuciit until n capsule i.s fonned, and 
then complete o.vcision. 

Edgar F. Fincher also advocated The Surgical Treatment of Brain Abscess by Com- 
plete Removal. Ke ]>reseutod five per.sonnl eases .showing the value of this procedure. 

J. M. Enunett and hi. B. Droyfnss discussed Malignant Tumors of the Small Bowel. 
The literature of this subject was reviewed, and two per.'-onal rnse.s were reported. 

Howard Mabomor descrihed a plan for Bostor.ation of Continuity After Resection of 
the Eectmn. Ho pointed out that a salisfaetory anterior resection with restoration of 
continuity cun he carried out wlieii the legion is .S cm. or more above the anal orifice. For 
those at a lower level he advocated their lomoval through a posterior oblique incision 
follondiig niohilization from above. 

Robert L. Rhodes presented FurtUcr Observations Upon Imperforate Anns, He ob- 
served that about 500 infants with tliis nbiiorniality are born in the United State,? each 
year. Rhodes pointed out that such a condition i.s not an emergency procedure in the 
newborn infant, hocanso the bowel content is relatively sterile. ITc ndvoented a twenty- 
four to forty-eight hour delay, and (lien .\-ray in an inverted position. Thi.s afTords a good 
Visualization of the lower bowel. .Surgical repair can be iindcrtiikcn with considerable 
ease. Four pcr.sonal cases were reported. 

Frank S. Johns discussed Defects of the Abdomln.al "Wall in the Newborn. The em- 
bryology was reviewed and the medical literature was analyzed. Ilis own successful case 
"•as descrihed in detail. 

R. L. Sanders considered The Indication and Value of Choledochoduodenostomy. Ho 
reported 25 personal ca.sos, IG of (he patients alive and well from one to twenty-five years 
after surgery, Avith no evidence of infection. 

Vernon C. David described his Experiences in Subtotal 'Resection of the Pancreas for 
ypoglycaemia. •'When such patients were operated upon and no tumor Avas found, a sub- 
otal resection AA’as done. Tliirty-six cases U'cre rcA’iewcd ; 03 per cent of the patients Avere 
cured, 31 per cent AA’ere improA’ed, and G per cent died. 

E. Dunbar Newell reported Forty-Eight Consecutive Cases of Gangrenous Suppurative 
roendicitis With Removal of the Appendix and Complete Closure of the Wound Without 

a Death. 

Guy L. Hunner asked the question, Is Urethral Stricture an Etiological Factor in the 
enesis of Renal Tumor? Ho reported seA'oral cases of kidney tumor associated with 
"’■ethral strictures. 

Dr. William E. Lower aauII publish A CUnical Report of Cases of Urethral Trans- 
antation Done More Than Fifteen Years Ago. 

Frank W. Smi^the discussed Malignancies of the Female External Genitalia. 

fj Dullock advocated Vertical Traction; An Aid in the Surgical Management of 

artam Massive Tumors. Bullock described a most interesting case of an enormous neuro- 
shoum'^ overhead pulley traction AA'as used. An illustrative moving picture Avas 

Joseph A. Danna described The Treatment of Sebaceous Cyst by Electrosurgical 
He advocated fulgurating the skin over the cyst in a small area and 

allowing the cyst to drain. 



FIEST GEl^EAL MEDICAL aiEETING AT DE WITT 
GENERAL HOSPITAL 

Lieutenant Colonel Ai>ibrose H. Storck,* ]\Iedical Corps, 

Army of the United States 

T he First General Medical Meeting at De Witt General Hospital, Auburn, Calif., was 
held Sept. 14 and 15, 1945. This hospital is a vascular center and a neurosurgical 
center and, in addition, has active general surgical, orthopedic, and other surgical sections. 
Major Donald C. Malcolm acted as chairman and introduced the speakers. A total of 
forty-one subjects were presented by guest speakers and members of the hospital staff. 
The material presented by members of the De Witt .staff was based chiefly on recent work 
and observations. Abstracts of the thirty-flve presentations which were of .surgical 
significance are given in this report. 

Lieutenant Colonel Ambrose H. Storck, De Witt General Hospital. Organization and 
Operation of a Vascular Center. — The vascular center at De Witt General Hospital is one 
of three such centers established to furnish highly organized facilities for the study and 
treatment of diseases and injuries of the \-ascular system, particularly the peripheral 
blood vessels, occurring in both Zone of Interior and overseas casualtie.s. In order to 
accomplish the intended purpose, medical officers equipped bj' training and experience 
in the investigation and management of vascular disorders were assigned to the staff. 
Nurses and technicians were trained locally to meet the special requirements. The center 
is composed of a surgical vascular section and a medical vascular section. Directly 
admitted to the surgical section are those patients with lesions which will likely require 
operative procedures, including arterial aneurysms, arteriovenous fistulas, gangrenous and 
other open lesions of vascular origin, varicose veins, hemangiomas, and patients with acute 
venous thrombosis. Patients admitted initially to the medical section include those with 
nonulcerative vasospastic and obliterative arterial disease, peripheral edema, and chronic 
thrombophlebitis. Ward rounds and conferences on both surgical and medical sections, 
attended by all concerned personnel, provide for exchange of thought and afford frequent 
opportunities for selecting patients to be transferred from one section to the other. 

A dry clinic conducted once a month serves as a means of presenting to all interested 
members of the hospital staff the newer developments and the work in progress in the 
field of vascular lesions. A weekly “neurovascular” conference is held with members of 
the neurosurgical section for the purpose of considering cases and problems of combined 
vascular and neurologic interest. 

A constant temperature room, skin-temperature recording apparatus and other 
appropriate recording apparatus, and special supplies required in the study of vascular 
disease are available. Operating room special equipment includes pneumatic tourniquets; 
Bethune tourniquets threaded and padded with split rubber tubing, for direct arterial 
compression; a manometer for directly measuring intra-aneurysmal and intravascular 
pressure; a sterile stethoscope for auscultation during operation; and special dissectors, 
forceps, and lights. Two oscillating beds have been used to advantage on several occasions, 
both before and after operation. 

A total of 1,269 patients had been admitted to the vascular center by Sept. 1, 1945, 
and up to that time 258 operations had been performed, including 70 for aneurysms and 
arteriovenous fistulas, 50 sjunpatheetomies, 54 vein ligations, and 37 toe amputations in 
trench foot cases. There have been no deaths, and no instance of postoperative gangrene, 
the latter result being attributable to the attention which has been given to the study, 
development, and maintenance of collateral circulation. No mechanical anastomosis 

Received for publication, Dec. 3, 1945. . . 

*On leave from the Department of Surgei-y, Tulane University School of Medicine, New 
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devices liiive been used. K.xjierieiices a( lliis reiWer Imve demniist ruled a iiiore lliaii 
usually nceeiitod possibility of restorative suture and ))res{3rvntiou of tbo eonlimiity of 
both arteries and veins involved in aneurysuis and arteriovenous fistulas. Siniultaiieou.s 
ligation of veins aeeompanying arteries wbieb must be ligated or otherwise occluded 
has not been a jiraetiee. When feasible, arteries have been ligated just beyond the 
nearest proximal branch. 'I'lie sueee.ss with which restoration of arteries and vein.s can 
be accomplished without .subseipient thrombosis, even though no anticoagulants arc used, 
has been striking. 

In addition to the main juirpose which this vascular center has served in caring 
for patient.s, the training of medical olllcers who previously were only slightly acquainted 
with the management of vascular problems has been a very important by-product, 
ramiliaritj' with methods of examination and treatment in vascular diseases was gained 
by those regularly assigned stafi' oflicers who were rotated through the various sections 
of the surgical service, instruction was given to temporarily assigned recent medical 
school graduates Avho had just comideted their training at the ^fodicnl Field Service 
School at Carlisle Barracks, and refresher type training was provided for medical oflicers 
from other stations who were temporarily a.ssigned to 1)e Witt General Ho.spital. At 
least three medical oflicers have, ns a result of their training and experience here, been 
developed to the jioint where tluw are capable of caring for complicated vascular lesions 
and of independently performing nuijor vascular operations. 

In addition to clinical observation in ca.ses in which the various practices already 
referred to have been followed, special investigative work luis been done on basal 
'ascular tone and studies have been conducted on collateral circulation by a fluorescin- 
ultraviolet light method. 

Major John W. Waller, Do Witt General Hospital: Obliterative Peripheral Vascular 
Disease. — Discussion of the incidence, diagnosis, and treatment of arterial obliterative 
lesions was given to show that arteriosclerosis obliterans ajul Buerger’s disease are rela- 
tively common, that they can bo diagnosed in their early stages by simi)lc clinical methods, 
*rnd that they are amenable to therapy. Arteriosclerotic disease of the extremities has 
been found in many young people between the ages of 20 and 40 years, and is occurring 
■"ith increasing frequency in the general population. Buerger’s disease is more common 
'an has been suspected, with a large group occurring in the late forties. Intermittent 
c audication is diagnostic of arterial insuiliciency. Sudden onset of coldness with pallor 
IS lery suggestive. Superficial phlebitis usually means Buerger’s disease. Physical 
c-vamination of the pulses is easy and helpful. Reactive hyperemia test for small blood 
'essel obliteration was described. Diagnosis of Buerger’s disease rests on uneven distrihu- 
'on of the arterial lesion and the presence of superficial migrating phlebitis. The wide 
acial distribution with no predilection was shown statistically. 

Patients with Buerger’s disease must .stop smoking. If the limb is cold, sympathec- 
•"nj will help. If surgery is contraindicated, intravenous typhoid vaccine therapy is 
''sed. In any- obliterative arterial disease the care of the feet is most important and 
e body should be kept warm to prevent vasoconstriction. 

Captain T. B. Massell, De Witt General Hospital: New Method for Testing Collateral 
ircuiation. — ^Before ligating a major artery at the time of operation for excision of 
raumatic aneurysm, it is necessary to be sure that there is adequate collateral circulation, 
mical observation and the location of the lesion give some clue to the state of collateral 
cod supply, but a more definite test is necessary'. 

. collateral circulation test based on the time of color return after compression 

^'th an Esmarch bandage has been used, but has been found to give variable results, 
onsequently, a new test for collateral circulation has been devised, based on Neller and 

midt s wheal fluorescence. With the aneury'sm tightly' occluded by a Matas clamp, 

^ series of parallel scratches about 8 cm. apart is made both on the involved extremity 
“ one opposite. Ten cubic centimeters of 10 per cent of fluorescin are injected 
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into an arm vein and the level of wheal fluorescence is examined by Altered ultraviolet 
light. "With adequate collateral circulation, the lowe.st level of fluorescence on the 
involved extremity should be not more than S cm. higher than on the normal extremity. 

Twenty-three patients with traumatic aneurj-.sms have been examined by this tech- 
nique. Sixteen have had operative excision of the aneurysm, four have had plastic 
restoration of the artery involved, and twelve have had ligation. Nino patients with 
arteriovenous aneurj'sm and one with a simple arterial aneurysm had good collateral 
circulation before operation, both by the fluoresein wheal and the ordinary collateral 
circulation test. Four of these had inadequate collateral supply by one or both tests 
when first observed. All four had lumbar sympathectomy performed, following which 
the collateral circulation became adequate. 

Two patients had inadequate collateral circulation by the fluoresein wheal and 
ordinarj' tests but, at the time of operation, in each case a large arterial branch wliich had 
been occluded bj' the Matas clamp in performing the examination was found close to the 
aneurysm. 

On the basis of these preliminary sliidie.s, wheal fluorescence seems a somewhat 
more reliable test for collateral circulation than the older collateral time test. 

Lieutenant E. W. Rector, Dc Witt General Hospital : Basal Vascular Tone as an Indica- 
tion for Sympathectomy, — The need for adequate collateral blood supply in surgical Ic.sions of 
arteries and the advantages of .sympathectomy as an adjunct to surgical procedures on the 
vessels were discussed. Reference was made to Naidc’s method of determining basal vascular 
tone, and the method was described in detail. An attempt was made to evaluate this 
test as a criterion for sympathectomy. Patients showing liigh vascular tone were con- 
sidered suitable for sympathcetomj' since they wore least ajit to develop an adequate 
collateial supply without tliis procedure. Marked improvement in the development of 
collateral circulation after sympathcctomj'' was noted in patients with arterial lesions. 

Six of seven patients with Raynaud’s disease on wliom the basal vascular tone was 
determined had high tones. Out of thirteen patients with trench foot, nine .showed high 
tones. In twenty-two cases of Buerger’s disease, fourteen had high vascular tone. In 
the thirty-nine eases in the .'ineurysm and arterial ligation group, twenty-three or 59 
per cent had high tones according to the test. However, three more had definite clinical 
evidence of high vascular tone, but according to the test W'cro in the low tone group. 

It was concluded that the test alone could not serve as the solo basis for selection 
of cases for sympathectomy. It was found ncce.ssary to consider the clinical findings 
together with the test in order to come to a more accurate conclusion regarding the 
necessity of sympathectomy. 


Major A. A. Koepsell, Do Witt General Ho.spital: Phlebography in Deep Venous 
Obstruction. Performance of phlebography involves tlic following elements and con- 
siderations; (1) ocular test for sensitivity to diodrust, (2) oral test for sensitivity to 
diodrast, (3) simultaneous exposures of leg and thigh films after injecting 15 c.c. of the 
contrast medium, (4) manual pressure or tourniquet about the distal portion of the leg in 
order to insure that the dye enters the deep venous circulation, (5) tourniquet over the 
proximal portion of the thigh to be released just before the film of the lower pelvis and 
upper thigh is exposed, (6) a tourniquet in the axilla or pressure in the supraclavicular 
region before injecting dye for phlebograms of the upper extremities. 

Slides of phlebograms demonstrating the following were shown: (1) severe varicose 
veins with a normal deep circulation in the leg, thigh, and pelvis; (2) obstruction of the 
popliteal vein with the formation of extensive collateral circulation; (3) development of 
extensive collateral circulation after ligation of the deep femoral vein for phlehothromhosis 
following celluhtis of the foot; (4) deep venous obstruction after excision of a pophtc^I 
arteriovenous aneurysm; (5) deep venous obstruction and collateral formation after liga- 
tion of the posterior tibial artery and vein following a gunshot wound; (6) patent deep 
venous system after repair of popliteal vein following excision of popliteal arteriovenous 
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aneurysm; (7) obstruction of iixillary vein followiii;j an iiltotiipt at ropair after excision 
of an artoriovcno\is fistula; (S) patcal axillary vein fnllowint; excision of arteriovenous 
aneurysm with repair of the vein. 


Major Norniau E. Frceniau, Do Witt (leneral Hospital; Treatment of Arteriovenous 
Aneturysni. — Before excision of aneury.sms aiul arteriovenous fistulas, careful investigation 
must be made to bo sure that the collateral circulation is adecpiato to preserve the 
nutrition of the tissues. At the lime of operation, when the lesion has been exposed, 
additional tests are needed to (retennine the etlicacy of the collateral circulation after the 
main arterial supply has beiui cut off. ])irocl nioasuroinenls of the pressure within the 
sac have been made at the time of oju'ration in fourteen ]>atients with arterial aneurysms 
and nrteriovcnou.s fistulas. Those measurements have been useful in evaluating the 
extent of the collateral eirculation. The mean initial jiressure in arterial cases averaged 
97 mm. Eg. With temporary obstruction of the afTeront artery the iircssuro fell to CO 
mm. Eg. The lowest level observed which was compatible with aderpiato circulation was 
oS mm. Eg. Xo disturbances of tissue nutrition were encountered. In arteriovenous 
fistulas the mean initial pressure was -tC mm. Eg. With temporary occlusion of the 
afferent artery the pressure fell to l.C mm. Eg, illustrating the catastrojihic effects to 
he expected from ligation of the proximal artery in this condition. Subsequent occlusion 
of the component veins caused a prompt rise in pressure to SC mm. Eg in one ])atient. 
This level of pressure shows how adequately the collateral circulation is developed in 
cases of arteriovenous fistulas. 

The classical method of quadruple ligation with excision of the fistula has been 
employed in forty-six patients with arteriovenous fistulas. In eleven, restorative aneu- 
r.vsmorrhaphy was performed by suture of the arterial defect after excision of the 
fistulas. Success of the repair has been demonstrated by oscillometric readings or by 
arteriography in each case. 


R. Stanton Sherman, San Francisco: Anatomical Considerations and Treatment of 
aricose Veins. — The anatomy of the deep and superficial veins of the thigh has boon 
studied in 137 anatomic and 70.3 surgical dissect ion.s. The saphenous vein is found to 
consist of two components, one of which runs part of its course beneath the deep fascia. 

0 two veins unite at, or shortly below, the saphenofemoral junction. The subfascial 
component is connected with the femoral vein by three main perforating veins— one from 
e mid-portion of Hunter’s canal, one from beneath the sartorious muscle, one from the 
me la geniculate plexus. Although anatomic variations are common, all arrangements 
t'h four definite plans. It has been found that accessory perforating veins of 

e t ligh niay emerge into the superficial fascia without making direct connections with 
le main saphenous system. The short s.aphcnous vein may be connected with the deep 
component of the long saphenous and the genicular plexus. 

On the basis of the anatomic findings a new operative procedure has been developed, 
arices below the knee are thoroughly sclerosed by local injection previous to operation, 
le usual high saphenous vein ligation is jicrformed along with dissection of the upper 
the Retrograde injection is made of a small amount of sclerosing solution. With 

e aid of a Mayo vein stripper the deep component of the saphenous vein is dissected 

p^n to each perforator. The latter arc followed to the femoral vein and excised in- 
uividually. 

Convalescence is more comfortable than after simple high ligation with retrograde 
, J®ction. Patients become ambulatory in twenty-eight hours and leave the Hospital in 
days, on the average. 


C. Naffziger, San Francisco: General Considerations in Spinal Cord -Injuries, 
j ere many ways in which civilian spine injuries compare w'ith the wounds seen 
eff practice, yet there are points in which they differ. Spinal cord traumatic 

ofT ^ from very slight ones to completely disabling ones. Spontaneous repair 

’aie spinal cord injuries does not occur, nor is surgical repair possible. Patients with 
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complete motor and sensory paralysis caudal to the si(e of injury for longer than forty- 
eight hours have little chance of recovery. However, there inaj' be complete paralysis 
without destruction of the cord. Recovery may occur when the lesion is due to edema. 
Operative intervention is seldom indicated except to remove foreign bodies or bony 
fragments. Laminectomy to remove impinging bone fragments or foreign bodies should be 
performed after compensating for initial shock. There is no known method of repairing 
the cord by inserting homogenous grafts. Sedulous nur.sing care to prevent decubitus 
ulcers is imperative. Ascending genitourinary infections are prevented by providing early 
adequate urinary drainage. Paraplegic patients succumb to the effects of thc.se latter 
conditions more than to any others. 

Captain Rudolph W. Zeigler, De Witt General Ho.spital: Immediate Care of Spinal 
Cord Injuries. — A series of forty-one cases is reviewed and the plan of treatment discussed 
in accordance u-ith the following outline: 

1. Pirst-aid Treatment; This includes examination to determine level of injury and 
extent of dysfunction, which will serve as a basis for comparison with later findings; 
immediate care of the wound and control of hemorrhage; the administration of analgesic 
drugs; provisions for safe transportation to prevent further injury; and the recording 
of accurate notes to accompany the patient. 

2. Second Phase of Early Carc: This includes measures directed toward prevention 
of decubitus ulcers, care of the paralyzed bowel and bladder, and institution of replace- 
ment therapy when necessary. 

3. Selection of Patients for Operation: Decision concerning the advisability of 
operation is dependent more upon the presence or absence of block to spinal fluid circula- 
tion than upon the degree of involvement of the spinal cord as evidenced by neurologic 
examination. Regardless of the degree of functional impairment of the cord, exploration 
should be undertaken if there is any degree of block. Aside from indications for operation 
based on the presence or absence of block, operation .should bo performed if there is 
x-ray evidence of pressure upon the cord by displaced bone or a foreign body. 

Major F. H. Benteen, De Witt General Hospital: Surgical Treatment of Decubitus 
Ulcers in Paraplegic Patients. — A high proportion of patients with .spinal cord injuries 
incurred in warfare present a sacral decubitus, or ulcers over the femoral trochanters. 
Prom the standpoint of general care, these patients require an adequate dietary intake of 
iron and accessory vitamins to coirect the hypoproteineuiia, anemia, and avitaminosis that 
exists. Laboratory aids used have consisted of hemoglobin, hematocrit, and blood 
protein studies. Adequate nursing care with frequent turning of the patient is of 
paramount importance in preventing decubiti. Treatment of decubitus ulcers has con- 
sisted of mechanical excision of sloughing tissue and chemical debridement with Dakin's 
solution. Postage-stamp grafts have been utilized occa.sionally to close a sacral decubitus. 
Sacral decubiti may be eradicated by excision, followed by widespread mobilization of 
adjacent skin and subcutaneous tissue, and suture. A sacral decubitus measuring more 
than 5 by 10 cm. may require flat pedicle grafting accomplished in stages. Smaller 
decubiti over the greater trochanters may be excised, and skin and subcutaneous tissue 
mobilized to effect closure. For extensive undermined hip ulcers, it is usually necessary 
to rotate an adjacent flap to cover the defect and to graft the donor site. It is felt that 
penicillin is an aid during the period of wound healing. 

Lieutenant Elwyn S. Shonyo, De W'itt General Ho.spital: Ambulation of Paraplegic 
Patients. — Early in World War 11, Army neurosurgical centers began to develop programs 
whereby paraplegic patients are made self-reliant and are taught to walk with aid of 
leg braces and crutches. 

The length of the preambulatory period depends primarily upon three factors, namely, 
the location and severity of fractures of the weight-bearing structures of the spine, the 
presence of ascending urinary tract infections; and the severity of decubitus ulcers. The 
presence of decubitus ulcers does not necessarily prevent ambulation. 
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Ambiiliitioii iji \iMiiiUy yt.'irlod nboul tlirci' iiifiiitlis after llie initial injury and the 
program is carried out in four stages, namely: (J) lied cnlisIhenieR and weight-lifting 
exercises arc given daily, in graduated ainoiinis, to each patient. (2) The patient is 
placed in a wheelchair where he heeonies nccnstoineil to vertical posture. (3) Walking 
exercises are started with the aid of .stiff leg braces using parallel bars for control 
and support. (•)) The patient learns to walk with tin* aid of crnlehes. 

The extent to whitdi the average {ralient will use braces and cratches for outside 
activities after release from hospital care remains to be determined. 


Major Donald C. Malcolm, De Wilt (leneral Hospital: Drologic Caro of P.iraplcgic 
Patients. — Early measures to itrevenl nrosejisis at the lime the patient is most sinsceplible 
include nptilting of the torso; turning of the patient every two hours; maintenaucc of urine 
specific, gravity at less than l.C!.*!; administration of snlfadia'/.inc, 3 Gin. three tinie.s a day 
for the first week, the dose being decreased the next week, and repeated if necessary; 
ndniinistrntion of 100,0(10 units of vitamin A daily; and provision of a high jirotcin diet 
with only modrate milk intake. 

Mamial exjircssioa of urine by snprapnbii: pressure every three to four hour.s may 
he performed during the first few days for patients with cord .shock. A suprapubic tube 
inserted in the vertex of the bladder, and tidal irrigation, assure better progress for the 
more involved cases. The time for removal of the suprapubic tube varies from a few 
weeks to over one year. Tidal irrigation aids recovery of reflex voiding. If vesical lone 
IS greater than sphincter and tis.sue resislnnee, patient.s usually void. Probably little 
benefit is to be derived from prosaeral neurectomy. Division of the pudendal nerve may 
relax some perineal muscular resistance. Revision of the vesical oriflee serves to remove 
some tissue resistance. lAiriiiethido, a furfural jiroduct, is of some aid in increasing 
vesical tone. 


Lieutenant Colonel Ambrose H. Storck, De Witt General Hospital: Vocational 
Kehabilitation of Par.apleglc Patients. — Practically no battle casimltics with paraplegia 
nill be able to resume their former civilian occupations, and their physical disabilities 
greatlj limit them in develoidiig new vocations or occupiatioiis. The emotional disturbances 
resulting from their incapacities add to the difliculty of rehabilitating these patients. 

Ihe general mental readjustment, the development of new intcrcst.s, and the learning 
new skills or other occupations xvhich arc necessary in reacquiring a feeling of 
economic security and independence ns well as a feeling of self-importance should begin 
os soon as possible following injury. Tlie necessarily prolonged hospitalization of para- 
P cgic patients in Army General Hospitals requires that the rehabilitation process be 
« least started in such'liospitals. 


To assist patients in finding thoniselvc.s and in selecting new vocations and 
Occupations in keeping with interest, skill, and mental capacity, an interviewing and 
eshng program w-as established. The patient’s civilian occupation is considered; his 
rniy general classification test given at the time of his entry on military duty serves 
os an index of prctrauniatic intelligence; a Kuder preference record is made to gain insight 
oto interests; an Otis self-administered classification test furnishes additional data con- 
ceraing intelligence; a MacQuarrie mechanical aptitude test is employed to reveal aptitude 
exterity; a Rorschach psychodiagnostic test (group) is used to indicate personality 
eatures; and practical “test” classes are given in art, plastics, jewelry making, wood 
“arving, and ceramics. 


*1'® l>asis of interviews and tests the patients are given instruction and afforded 
^ er facilities w-hich enable them to pursue their interests, skills, or other vocational 
ires, Iix addition to instruction in arts and crafts, educational programs include genera 
oriTT'"’ ®®all business accounting. As a part of the general education and 

ation provided, authoritative talks by well-informed speakers have been given or 
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requested on tlie following subjects: Postwar California, Commercial Art, Plastics, Office 
Engineering, Taxidermy, Lapidary Work, Saddlemaking, Bookkeeping for Small Business, 
Business Trends an California, Eetail Outlets for Homemade Articles, Experience Stories 
by Handicapped Persons, and General Economic and Social Problems. 

In addition to the medical officers of various sections, cooperating members or 
departments of the hospital staff include the counseling officer, the orientation and educa- 
tion department, the occupational therapy staff, and the psychologist. 

Outside agencies which have assi.sted in the program at De Witt General Hospital 
include Placer College and High School, which has supplied teachers; California Veteran’s 
Committee, which has taken an interest in the matter of making contacts and sponsoring 
appropriate legislation; the Sacramento Junior Chamber of Commerce, which has furnished 
speakers; the California State Personnel Board, the California Board of Equalization, and 
the California Department of Public Works rvhich have been concerned with the matter 
of jobs. 

Funds for the purchase of special instruments and equipment necessary in training 
for various crafts have been made available through interested individual donors. 

In conjunction ■ndtli physical rehabilitation and purely recreational activities, voca- 
tional rehabilitation has resulted in transformation of paraplegic patients from a .state 
of listlessness, discouragement, and dejection, to one of animation, interest, hopefulness, 
and as much happiness as could well be expected. 

Alton Ochsner, Hew Orleans: Surgical Treatment of Empyema. — Treatment of 
empyema can be divided into prophylactic and active therapy. Prophylactic treatment 
concerns principally the prevention of contamination during thoracic operations, along 
with preoperative and postoperative chemotherapy. Active treatment consists of chemo- 
therapy, relieving intrathoracic pressure, evacuating pleural exudate, preventing ohronicity, 
and reestablishing function in the lung. In prophylactic as well as active treatment 
penicillin is used both systemieally and locally, whereas sulfonamides should be used 
only systemieally. Because of loss of nitrogenous substances in pleural e.xudate, diet 
should be rich in proteins. Important also is the prevention of anoxia. Pleural effusions 
on the right side are likely to kink the inferior vena cava and cause cardiovascular 
manifestations. 

Evacuation of intrapleural exudate should be accomplished as early as possible. 
In synpneumonic empyema, repeated aspiration combined with chemotherapy is the proper 
treatment hut if sjTnptoms do not subside promptly more radical therapy is necessary. 
Closed drainage may be used early. Its advantages are that it re-establishes normal 
relations in the thorax, favors lung re-expansion, and facilitates irrigation of the cavity. 
Disadvantages of closed drainage are the constant supervision required, the likely inade- 
quacy and chronicity thereby favored, and the danger of intramural infection. In most 
eases of metapneumonic empyema, open drainage is desirable. Advantages of open 
drainage are adequate evacuation of intrapleural exudate, with resulting lessening of 
danger of chronicity, and little supervision required. Disadvantages of open drainage are 
that open pneumothorax results, re-expansion of the lung is not favored, and deformity of 
the chest may follow. In performing open drainage a good portion of two ribs and the 
intervening intercostal bundles should be removed. 

Captain E. W. Ehinelander, Hammond General Hospital: Surgical Reconstruction of 
Arthrltics. — Rheumatoid arthritis is obviously a medical disease, and must be under the 
primary care of an internist. The orthopedist can do considerable during the course of the 
disease to prevent deformities, and sometimes to lessen them, without recourse to surgery. 
But despite the best conservative treatment, when the disease becomes advanced, certain 
crippling deformities may develop. Those patients who have advanced forms of the 
disease do not expect to be cured. But they are very grateful if something can be done 
which makes their lot easier — reduces the pain which they have when attempting to 
carry out their daily activities. 
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Ccrtiiiii oin’fiitivc untrt'ilun's woro discupsi'd. lii (In' font, u’MJctioii oC (lie ll^■(!l(!ll■.s()- 
plialanReiil joints yields bosl results wlien nil four liilernl joints arc fully excised, ])lus 
resection of the base of the iiroxiinal idinlaiix of the pront loo. Other oeensiouully valu- 
able operations arc triple arthrodesis of the foot, arthrodesis of the auhlo or hnee. 
synovectomy of the hnee, arthrodesis of the shoulder. Capsulotoiu}' of the small joints 
of the hands cannot pivo preatly improved motion, but it can make a patient better able 

to ivrinp out her vashinp. Kather than arthrodesis of the wrist, it is penerally better to 

manipulate the painful and stiff wrist into pood position, and hold it in jdaster until it 
fuses. Arthroplasty or e.vcision of the elbow pives e.veellent results, the latter more 
frequently because it eradieate.s more diseased tissue. Simple exeision of the radial liead 
may lend to increased rotation and decreased |min. 

Some cases in which .‘^niith-1'’eterseit had performed vitalliuiu cup .'irthio|)ln,sty of 
the hip, and osteotomy of (he arfieular faeet.s and Inininae of the spine, wore jireseuted 

with lantern slides. These ))roeeilures are valuable even if they do no more than make a 

bedridden jiatient able to sit up or pet about on enitehes. 

The chief thinp to remember in operatinp on patients with nrthriti.s is that if 
only a little can he done to improve (hem, it is extremely worth while. 


Sterling Bunnell, Pan Francisco: Rcconstnictivc Surgery of the Hand. — Tlioro are 
nianv thinps, startinp from the time of injury. Hint should he done to avoid stiffeninp. 
Anatomically the hand is to bo considered not ns a unit at the wrist, hut as a unit up to 
the elbow. The musolos that move the hand have their oripins hirpely from tlie elbow. 
Djnaraicnlly the hniul should be considered ns startinp from the cerebral cortex. Thought 
must he given to early closure of wounds to prevent the cicntricinl cffcct.s of chronic 
infection. In the event of extensive ti.ssuc damage and likelihood of infection, primary 
0 ridemont with secondary closure of the wound i.s to ho performed. Fractures should 
e reduced early. Tlic hand and finger must be supjiortcd in the host functional position 
and mobility of the hand and forearm is to bo instituted at the earliest possible time. 

and traction is a great advance over the fixed type of support. All of 
e and should he put in a functional position and kept moving. 

Meticulous care is to ho used in approximating the nerve fiber.s of the hand. Tendons 
must be provided with smooth gliding surfaces to prevent fixation hj’’ adhe.sions. The 
principle of repair after severance of a tendon is that of mere approximation of the ends 
^ sutiire.s, while the tension is removed by means of .a steel wire suture taken 

rough the proximal portion. Tlic free ends are brought out distally and fastened over 
<1 utton. A second wire loops through the proximal portion so that the retention button 

maj be removed in three weeks, and tlio wires withdrawn from the proximal muscle and 
tendon. 

f arable effort should be made to reconstruct the thumb, providing a more use- 

^ and. A finger may even be substituted for a missing thumb by metacarpal union 
and tendinous attachment. 

Lieutenant Colonel Edward K. Prigge, De Witt General Hospital: Experiences in the 
anagement of Chronic Osteomyelitis Pollowing Compound Fractures. — A method em- 
P oyed in the treatment of osteomyelitis following compound fractures is presented. In 
general it consists of radical exeision of all avascular scar, sinus tracts with contained 
c ronically infected granulation tissue, sequestrums, and eburnated or otherwise abnormal 
one. In areas where the involved bone is encased by muscle (back, arm, forearm, thigh, 
forefoot) the space remaining after excision is filled with viable muscle, either by 
isplacement of adjacent muscle or by formation of a pedicle of available muscle. No 
cad space is allowed to remain. In areas such as the lower forearm, the tibia, and the 
arsal bones, the defect is filled wuth cancellous iliac bone graft after three weeks of local 
^ cj stemic penicillin therapy. 

In thirty-five consecutive cases in which muscle wa.s ii.sed to fill the defect, the 
’■esults are very gratifying. A thin .serous pxiid.ato continued to drain in only one case; 



868 


SURGERY 


this will require suhsequent excision. One patient had drainage for two months. The 
other thirty-three were completely healed between two and five weeks. The average period 
of drainage prior to surgical excision was 5.0 months; the average period of drainage 
following operation was .k.9 weeks. There were seventeen ratable cases where cancellous 
iliac bone graft was used to fill the defect. In ten patients, in whom the defect was less 
than 3 to 5 cm. in diameter, eight are completely healed and one nearly so. In the seven 
with larger defects, none have been .successfully healed to date, although the iliac graft 
appears to be viable to inspection and by x-ray. 

In all, fifty-two consecutive patients with chronic osteomyelitis following compound 
fractures have been treated by the two methods described; there was an early healing of 
the disease in 84.(5 per cent of the cases. It is felt that with improvements in technique 
and better selection of eases, these results can be improved materially. 

Captain E. V, Davis, De Witt General Hospital; Treatment of Severe Elbow In- 
juries. — Revere disruptive injuries of the elbow joint result in a painful stiff joint if not 
treated early by accurate reduction in order that early mobilization can be instituted. If 
normal configuration of the joint cannot be restored, excision of the joint prior to the 
development of atrophy, muscle weakness, and causalgia is indicated. 

In late eases, when ankylosis has developed, excision rather than arthroplasty is 
rccommcni’ed because even though the joint is not as stable after excision, mobility and 
muscle power are superior. 

The operation is performed through a posteromedian incision. Sufficient bone is 
removed from the distal end of the humerus and the proximal ends of the radius and 
ulna to allow a minimum of li/f. inches of dead space between them. A fascial graft 
from the thigh is used to cover the lower end of the humerus. 

In summary, I have observed twenty excisions of the elbow. There were no infec- 
tions. The range of motion varied from a complete range to a minimum of 55 degrees. 
One patient returned to work as a stevedore. All were free of pain and were satisfied 
with the end result. 

Major Manuel Sail, De Witt General Hospital: Diagnosis of Herniation of Nucleus 
Pulposus. — Fifty-three cases proved by operation or by myelogram alone were reviewed. 
Ninety-three per cent of these cases involved the forth and fifth lumbar and fifth lumbar 
to first sacral levels. A history of antecedent back trauma with the development of back 
pain and referred root pain was the usual historv' obtained. In one patient pain was 
limited to the low back. The most commonly encountered distribution of pain involves 
the low back, with referral to the mid-gluteal region and down the posterior thigh, leg, and 
lateral ankle and foot due to involvement of the first sacral root. Changes in the align- 
ment of the vertebrae with scoliosis and loss of the lumbar curve are found in the most 
acute cases. Atrophy of one leg was frequently observed, the degree of atrophy appearing 
to bear a relation to the duration of the painful episodes. In subacute cases initial flexion 
of the trunk was performed without significant difficulty, increasing back pain being 
encountered with more extreme degree of fiiexion. Extension of the spine is occasionally 
limited to a striking degree. Areas of focal spinal tenderness may serve as an excellent 
means of localizing the level of the disc protrusion. In twenty-eight cases in which this 
sign was sought for, twenty-tw-o patients revealed focal tenderness at a level corresponding 
to that found at operation or by myelogram. Placing the sciatic nerve on stretch in- 
variably aggravates the pain. Weakness of dorsiflexion of the foot or extension of the 
great toe should be sought for. An unusual finding in a few cases has been a noticeable 
weakness on initiation of dorsiflexion of the foot. Testing for power of dorsiflexion fol- 
lowing the initial phase of the movement in these cases failed to reveal significant weak- 
ness. In one patient on whom operation revealed a large protrusion at the fifth lumbar 
■ to first sacral level the only clinical findings were focal tenderness between the two, and 
weakness of the initial phase of dorsiflexion. Hyperesthesia to pin stroking is a valuable 
aid in diagnosis and localization. Differences in degree rather than absence of sensation 
is the usual finding. 
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Too often, jininfnl ]irit’luiif: "'idi « 1'”' •>•>'1 the I'alieiit V nclciiowledgmcnt of 
is necoi'tod as pvidoiioe of normal sensation. The nehilles lefloM's were found to be 
absent times more frequently in the fifth lumbar to finst .saeral than in the fourth 
to fifth lumbar dises. tlf jireat value is n dilTerenee in reflex resjionse whieh frequently 
can be obtained only by the use of niiniinnl stiinulatioii of the achilles tendon. Spinal 
fluid protein above 45 mp. ])er eent wn** found iji about flO per cent of the cases. It i.s 
believed that a diaf;nosis and satisfactory localization of a herniated disc, can be made 
mi the basis of clinical e.xaniination alone in the vas’l majority of cases. 

Lieutenant Commander r. Keith Bradford, P. Koval llosiiital, Oakland: Surgical 
Treatment and Prognosis of Protnidcd Intervertebral Disc. — .Any discu.ssion of surgery 
upon the ruptured intervertebral disi- must jtre.suppose rigid selection of patient.s for opera- 
tion. 


Spinal anesthesia is highly satisfactory although its use might be criticized in the 
occasional patient with .sphincter ]iaralysis. The usual unilateral sulqieriostoal laminectomy 
has been routine. At the lumbosacral intervertebral disc little if any bone need bo re- 
iiiovod for adequate exposure, but at higher levels jiartinl hemilaminectomy i.s necessary. 
Adequate cxpo.sure is essential and is possible without removing a spinous process or 
huiiina. It is never wise to approach the dural sac directly with an iittempt to retract it 
uicdially in the face of inadequate lateral exposure; extensive catida equina damage may 
result, hut has never followed mobilization started lateral to the involved root. 'Trans- 
dural attack upon ruptured discs can never be condoned. It would be better, if necessary, 
to .sacrifice a single root in order to retract the dural sac medially. 

Recognition of true surgical jiathologA- is probably the most imiiortant factor in disc 
surgery. Either the presence of nucleus pulposus ])osterior to the annulus fibrosus or the 


presence of a laceration of the annulus fibrosus fneither created by the operator) is ir- 
refutable evidence of a ruptured disc. Ucrnialions which do not appear iiromincnt in the 
prone position have boon shown to project in a prominent manner when the patient has 
een operated upon in a sitting position. However, it is felt that adequate e.xpo.suro with 
e patient in the prone position doterininos whether an additional interspace must be 
e.'cplored to find the cause of the patient's symptoms. 

N^o surgeon, however able technically, can obtain a good percentage of favorable 
re.sults in patients selected uncritically for operation. Conversely, inadequate or needlessly 
launiatic exploration in well-selected patients will produce unsatisfactory results. Since 
e initial operation offers the best opportunity for cure of the patient, it must be under- 
a "en carefully and thoroughly only after complete stud}' of the patient. 


Lieutenant Colonel William E. Lipscomb, Do Witt General Hospital: Correction of 
rauial Defects. — Skull defects can bo corrected in scver.al ways. An old method was by 
of bone grafts. Unfortunately, many of the free grafts, taken from tibia, ileum, 
s ernum, or rib, were absorbed or infected and had to be removed. Hinged osteoperiosteal 
'K hinged scalp osteoperiosteal grafts have been more successful. Various metals such 
^ gold, aluminum, platinum, columbium, and vitallium have been used. Methyl 

acrylate, a resin, has also been used in correcting cranial defects. Tantalum has been 
material most widely used in AVorld War II. It possesses very desirable physical and 
^^^eniical properties. It is strong, but malleable, and can be beaten and bent into any 
j.j conform to normal skull contour. Tantalum reacts chemically with no body 

ia R^'ids. Preformed tantalum plates can be layed over the skull defect and fixed 

• position by tantalum pegs driven into the surrounding skull as a glazier fixes a pane 
glass with metal pegs. 

last seventeen months, over eighty tantalum cranioplasties have been done 
rem General Hospital. The results have been gratifying. Frequently the patients 

j^^j***^ loss of former vertigo and pulsations in the head associated with exertion. 

appreciate the cosmetic improvement. The most noticeable improvement is 
e.xor ' ■ Pa^souality. An appearance of happiness replaces the depressed, concerned 
e.ssion. This improvement is not limited to those patients with frontal lobe damage. 
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Lieutenant Bertram Selverstone, Be AVitt Gciieiai llospital: Peripheral Nerve Ee- 
pair. — It has hcen cstininted tliat 10.5 per t-oiil of (-!i.sii!illie.s in AVorhl War II liavc lesions 
of the iJeripheral nerve.s. Tlio distribution of these lesions is quite .sinuhtr to that of 
World War I. Pathologically, partial and complete le.sions are distinct entities, but it is 
often impossible to decide before operation rvhether or not a lesion is conipleie Clinical 
e.vamination includes muscle test and observations concerning sensation and '-'vetiting. 
Tinel’s sign may be of value in following the piogrcss of regeneration after sutu e, but 
is unreliable preoperatively. (Faradic, galvanic, and sinusoidal electrical examination to- 
gether with electromyography and skin re.sislantc tests arc valuable adjuncts. .Stimulali.'ii 
is particularly important in evaluating a le.sion at the operating table. 

The policy at Do AVitt General Hospital lias been: (1) early exploration if there is 
not rapid and progressive improvement; (2) conservative management of the exposed 
lesion; (3) re-exploration indicated and dcsinible if improvement does not occur in six to 
twelve weeks following neuroly.sis; neurorrhaphy shows no evidence of return in period 
consistent with site of lesion; (4) avoidance of nerve grafts since they are rarely neces- 
sary; reported results have not been favorable. 

Technical jiroblems are concerned chiefly with gaining length to replace lost nerve • 
tissue, orientation of nerve ends, and protection of the suture site. Suture with tantalum 
wire and wrapping with tantalum foil has usually been employed, although in several 
cases the plasma clot technique of Tarlov has been used. Besults have been favorable in 
patients operated upon six or more month.s ago. 

Captain Jerome L. Sweeny, Do AATtt General Hospital: Management of Combined 
Bone and Nerve Lesions. — In treating an extremity in which a bone and a nerve lesion 
coexist, treatment should bo directed first to repair of the nerve. Grafts may be done 
at any time without materially affecting the use of the extremity, whereas the sooner the 
nerve is repaired the better arc tlie chances of regeneration, with minimal atrophy of 
affected muscles. 

On occasions, combined orthopedic and neurosurgical procedures may be done at 
the same operation as, for example, a graft to the humerus and a bulb suture of the 
radial nerve. This is done only when end-to-ciid nerve suture is not possible. By such a 
procedure, the patient is saved an additional operation and hospitalization is shortened. 
The grafting of a fractured humerus as a primarj’ procedure often delays nerve repair 
for a period of months. The immobilization necessary after bone grafting frequently 
re.sults in a stiff joint, and pliy.siotherapy over a considerable period of time may be 
required to mobilize the joint sufficiently to make end-to-end nerve anastomosis possible. 
Nonunion of the bone may be taken advantage of cither to buckle the fracture site so as 
to gain length for neurorrhaphy, or bone ends may be jammed together to reduce the dis- 
tance between nerve ends, thereby making end-to-end suture possible. 

Second Lieutenant Joseph M. Wepman, De AVitt General Hospital: Ee-education of 
Aphasia Patients. — The entire history of therapy for patients having language disordors 
as a result of brain injuries is coucentrated in the last two or more decades. With new 
emphasis on training has come a new philosophy toward the prognosis for language re- 
turn — that every patient can be benefited and that the limitations upon improvement are 
by virtue of the extent of intellectual impairment. 

The program designed and functioning at this Array installation includes at least 
six hours of daily instruction for each patient. This therapeutic process includes speech 
therapy, both indi\-idual and group; reading; writing; occupational therapy; physiotherapy 
and swimming. Bach patient has an individual program to follow, adapted to his needs. 

At the initiation of therapy each patient is assigned to a particular therapist who 
is responsible for his entire corrective course, establishing a rapport and a working 
identification which has re.sulted in excellent achievements. 

A typical program for a patient with head injury begins with a complete physica 
and neurologic examination. He is then seen by a psychologist who measures his m 



Ui;VIIO\V OK KKCKNT JJKKTINOS 


S71 


tollcetiisil poteiitiiil iuul degree of imimirnienl l>y inenns of a test designed lusie by tlie 
chief of Hie neurologienl section and myself. The patient is then given a Halstead ajiliasia 
test to delimit his language disability. Following this ho i.s assigned to a therapist and i.s 
seen twice daily for speech therapy, once individually and once in grouj) so.ssion. lie is 
entered in a reading class, a writing class and a swimming class, lie is assigned to occupa- 
tional therapy with a pri'seription that is designed to increase his co-ordinative abilities 
and tinally is sent to jihysiotheraiiy for at heist one hour a day. "With this approach 
there is little time for the patient to develop self-concern or anxiety over his condition. 

The results of this highly developed but very flexible methoil of handling the aphasic 
patient have been excellent. Fvery patient that has been seen has shown improxemenl 
and continues to develop in the direction of normal s|ieech. 

Major Walter E. Scribner, I)e Witt (loneral Hospital: Roentgen Findings in Peptic 
tricer. — ^In approximately 1,000 stomach examinations during ii period of three years, I 
have seen only about ten gastric ulcers. The usual x-ray finding in gastric ulcer is a 
barium-filled protrusion from the lesser curvature of the stomach, about which there is a 
zone devoid of barium, the barium-free zone re])ro.senting edema of the gastric mucosa. 
As healing tahes place the edema decrease.s, and scarring in the mucosal folds cau.ses a 
convergence of the folds toward the healing ulcer. Convergence of the rugal folds rc- 
_ suiting from scar contracture is, therefore, an index of chronicity of the ulcer. 

Duodenal ulcer is, in my experience, the greatest cause of peptic disability in the 
Army. The classical roentgen findings of duodenal ulcer, such as visualization of a crater, 
adjacent inflammatory, spastic, and cicatricial changes in the bulb, and the secondary 
changes in the stomach proper, were discus.«ed with recommendations for special spot com- 
pression films in those patients with deformities which obscure the crater. Localized 
tenderness, hj-perperistalsis, increase in thickness of gastric rugae, and hypertonus, were 
of no independent value in the diagnosis of duodenal ulcer. 

A warning note was sounded, to bo kept in mind in those patients rvho had ulceration 
or deformity just proximal to the pyloric ring. Because some may show pyloric canal de- 
formity as the most prominent feature, early carcinoma in the region may be erroneously 
diagnosed as pyloric ulceration. 

Major Jerry J. Kane, Do Witt General Ho.spital: Diagnosis and Medical Begimen in 
Duodenal Ulcer. — Four hundred eighty-eight patients were hospitalized in the gastro- 
intestinal section at De Witt General Hospital, from Aug. 1, 1944, to August 1, 1945, be- 
cause of dyspepsia. A diagnosis of peptic ulcer of the duodenum was made and verified 
by roentgen studies in 187 patients, or 38.3 per cent. The pre-eminent symptom in this 
group was epigastric pain, described as “burning” or “gnawing” in character, with the 
majority of the group exhibiting the characteristic cycle of pain — food-relief. Only three 
cases demonstrated an absence of this rhythm. One hundred eighty of these patients 
had had overseas service. All complained of nausea and vomiting besides epigastric pain. 
The symptoms of nausea and vomiting usually disappeared in five days, and from then 
On were invariably absent. Two per cent of this group ga\e a history of pain over 
McBurney’s area, and had had appendectomies without relief. All of the appendec- 
tomies had been performed in civilian life. One hundred seventy-eight patients had had 
episodes prior to military service, over an average jieriod of approximately six years. 
Patients were practically unanimou.s in describing their attacks as being more frequent 
•incl more severe since being in the service. Thirty-two patients had night pain occurring 
between 2:30 and 3 a.m. 

Each patient in this group was kept in the hospital appro.ximately thirty days, during 
uhich time he was placed on a modified Sippy regime. The majoritj- were returned to 
civilian life. 

Alton Ochsner, Now Orleans: Fbysiologic Treatment of Peptic Ulcer. — Etiology of 
peptic ulcer may bo divided into predisposing and precipitating factors. Principal pre- 
disposing factors are tissue susceptibility and constitutional predisposition, neither being 
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generally amenable to therapy. Tissue susceptibility i.s present in all individuals and is 
found in lesser curvature of stomach, pj-loru.s, duodenal cap, and that portion of the in- 
testinal tract subjected to acid gastric chyme. Constitutional predisposition is probably 
the most important cause of peptic ulceration, and the patient who has an ulcer tendency 
is likely to have an ulcer the rest of his life unless he avoids precipitating factors. The 
precipitating factors are important because they arc amenable to therapy. They consist 
of gastric hypersecretion and hyperacidity, focal infection, and trunnia. 

Treatment is based upon concept that hyperacidity i.s the principal re.spon.siblc factor 
amendable to therapy. Control of hyperacidity by' prophylactic measures is extremely' im- 
portant and consists of (1) total aKstinence from .smoking, (2) total abstinence from 
alcohol. (3) avoidance of condiments, and (4) moderate ingestion of meat.s. Active therapy 
of hyperacidity- consi.sts of frequent small feedings. During active ulceration antiacids arc 
indicated, and of greate.st value is aluinimim hydroxide. Foci of infection .should be re- 
moved. Gastric trauma should be prevented by avoiding irritating rough foods, and anti- 
spasmodics .should be administered. 

Eequisite for successful therapy- of a chronic peptic nicer is conviction of the patient 
that the ulcer diathesis persists during his entire life, and recoguition by- him of the 
importance of avoiding all controllable precipitating factors for tbe rest of his life. 

Surgical therapy- of peptic ulcer consists principally- of treatment of complication;:, 
that is, perforation, pyloric obstruction, massive hemorrhage, and suspected malignant 
change. About 5 per cent of duodenal ulcers will not respond to conservative therapy, 
and in this resistant group gastrectomy is justified. Treatment of perforation consi.sts of 
suture of the ulcer or of plugging with omentum. Treatment of py-loric obstruction depends 
upon the presence or absence of anacidity. In older persons with anacidity-, gastro- 
jejunostomy is indicated because the possibility of return of normal acidity following 
relief of gastric retention is less than in y-ounger persons. In individuals with normal 
acidity or hyperacidity, .subtotal gastrectomy- should be done, ifassivc hemorrhage, be- 
fore the age of 50 years, is best treated during the acute phase by conservative measures 
consisting of repeated tran.sfusions, the administration of cevitamic acid, and frequent 
feedings. After the age of 50 years gastrectomy- is frequently- indicated during the acute 
hemorrhage because of danger of hemorrhage continuing as a result of sclerotic, non- 
contractile ve.ssels. Mortality following conservative therapy in older persons is over 30 
per cent, whereas following gastrectomy' it is less than 10 per cent. In the younger person 
who has had a massive hemorrhage, gastrectomy is usually- indicated after the hemorrhage 
has been controlled and the patient rehabilitated. 

Gastric ulcers should be considered primarily as .surgical lesions because of the great 
tendency- for them to become malignant. All greater curvature ulcers must be considered 
malignant from the beginning. The incidence of malignancy- of the stomach in patients 
who have family history of ulcer is much greater than in other individuals. 

Major Richard E. Capps, De Witt General Hospital: Surgical Significance of Hepa- 
titis. — Infectious hepatitis is of importance to surgeons because of the danger of operating 
in unsuspected eases. This may- have fatal results. Acute abdominal sy-mptoms are not 
uncommon. Avoidance of inhalation anesthetics is important. Morphine and other seda 
tives are to be avoided. Finally, chronic cholecy-stitis is frequently- confused with chronic 
infectious hepatitis. The Graham-Cole test may- show an absent shadow in the latter con 
dition. 

Infectious hepatitis has become, during the last four years, an important problem. 
Not only- has there been a high incidence among the armies of the world, but there as 
been a marked increase among civilians in variou.s countries. It is now known that us 
disease is due to a filterable virus transmitted chiefly by- the enteric route and a so 
through plasma and whole blood. It is important to recognize that there is a nonicteno 
prodromal stage, lasting about seven to ten days in most acute cases. Furthermore, t ere 
are many- patients with mild acute cases, who never develop either clinical or cheimca 
icterus. We have demonstrated, furthermore, that convalescent patients cannot be con 
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sidored as cured until subjected to a seven-dn.v exercise tolerance test. Patients apparently 
well at bed rest or on mininml exercise frecpiently develop a larpe. tender liver and a 
recurrence of syinjdonis following exercise. Kssential treatment consists of bed rest and 
a high protein diet. 

Captain Melvin B, Kirstcin, lie Witt General Hospital; Blood Diastase and Acute 
Abdominal Pain. — It is now Isnown that in addition to the fulminating type of acute 
y^anc^catic ncerosis, a milder, wore common type of iatlammation fretpicntly occurs. This 
has been termed “acute transient pancreatitis” by Elman. 

Twenty .such cases have been observed and elevated blood diastase values ranging 
from 250 to 3,200 were found. This tost was performed by the method of SoinogA'i, in 
which the normal blood diastase ranges between SO to ISO units. 

All patients with acute Iransient pancreatitis showed ati elevated blood diastase, 
provided the determination wa.s made sufliciently early in the di.seasc, and all patients re- 
covered. In acute panercntic necrosis, the blood diastase value may later become normal, 
even though the patient is dying. This is explained on the basis of tlie iiancrcatic necrosis 
progressing to .such a point that the pancreas is not cajtable of inllnencing blood diastase. 
In acute transient pancrcatiti.s, the inflnmmation may be .so transient that a rapid return 
to a normal blood diastase value precedes tbo disu])pearance of abdominal pain. It i.s, 
therefore, necessary to perform the test early in the disease. Blood diastase values are 
also elevated in acute di.seases of the salivary glands and in severe renal di.senso. 

It is safe to conclude that any patient who has severe abdominal pain, a blood 
diastase value (Somogyi method) over 250, with no evidence of acute .salivary gland dis- 
ease or renal insufficiency has acute pancreatitis. 

It has been our custom not to operate on patients with acute paiiercatitis of any 
type. Patients are treated by parenteral fluid.s, morphine for pain, and no food. 

Charles Edward Smith, San Francisco: Current Problems in Pulmonary Coccidioido- 
uiycosis. — ^Knowledge of coccidioidomycosis has been broadcneil through the activities of 
the Commission on Epidemiological Survey of the Army Epidemiological Board, Preventive 
Medicine Service, Office of the Surgeon General and of the Office of the Air Surgeon. 
Studies of distribution reveal no infections outside the Western Hemisphere and delimit 
its occurrence in southern and western Texa.s, Arizona, southern Utah, Nevada, and Cali- 
fornia. ^ The army experience has indicated coccidioidomycosis can be classified as follows: 
(1) Primary or initial (a) innpparent or asymptomatc (50 to C7 per cent), (b) acute 
lespiratory or pneumonic (33 to 50 per cent), (c) additional manifestations of either of 
these; erythema nodosum and/or niultiforrae (3 to 5 per cent); pleurisy with effusion; 
pulmonary cavitation. (2) Progressive or disseminated (0.2 per cent whites; 2 per cent 
colored). Differentiation of coccidioidal pulmonary nummular lesions and cavities from 
tuberculosis is difficult. Steps in diagno.sis are: (1) Coccidioidin test. If either tuberculin 
or coccidioidin fails to react while the other reacts, diagnosis is well underway. However, 
requently both react. (2) Serologic tests. Precipitins, seen usually in initial infections. 
S'le lacking in old infections. With the well-focalized nummular coccidioidal lesions and 
many cavities, complement fi.xation is also lacking. Positive findings are diagnostic; 
negative findings do not eliminate coccidioidomycosis. (3) X-ray examinations. Findings may 
e confused with various forms of tuberculosis. If the tuberculin test is positive, accurate 
®'a nation is necessary. (4) Becovery of the fungus. Demonstration in tissues of double- 
contoured spherules with endospores and no budding, is diagnostic. Cover-slip examiiia- 
lon IS unreliable and staining of smears is useless. Culturing sputum or gastric contents 
usually fails in nummular lesions but succeeds with cavities. Although hazardous, demon- 
ration of the diphasic fungus, Coceidioides immitis, is conclusive. 

Major Robert A. Cbait, De Witt General Hospital: Penicillin Therapy in Chronic 
inusitis. ^This study was undertaken in order to determine the effectiveness of penicillin 
>n the treatment of chronic infection of the maxillary sinuses by local application of the 
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SURGERY 


A diagnosis of cln-onic,, pnnilent, ntaxHlary sinusitis was made in 134 patients on the 
basis of history, clinical findings, transillinniiialioii, x-ray, and the presence of pus on punc- 
turing and washing the sinuses. The nia.villary sinuses were irrigated with 130 c.c. of 
sterile saline solution througli a 15 gauge straight needle introduced through the inferior 
meatus, and 15 c.c. of penicillin solution containing 250 units per cubic centimeter (pH = 
6.5) were instilled into the sinus. These 114 patients had their antra treated in this man- 
ner 526 times, treatments being given three tinie.s weekly. 

Patients were considered to be “cured” when the symptoms and signs of infection 
had di.sappeared, when transillumination and x-ray .showed the sinuses to bo clear, and 
alien antral washings were clear and culture showed no growth of bacteria. 

In 05 per cent of the patients returns were clear after two to four irrigation!?. A few 
required five to nine washings. All but one wore completely cleared of the infection, 
that one having a mixed bacterial flora which was penicillin insensitive. All washings were 
cultured and iienicillin sensitivity tests done. The organisms found at culture included 
Staphylococcus alhiis, Streptococcus viridans, hcmolj'tic streptococeu.s. Staphylococcus aureus, 
Aerohacter aerogenes, Escherichia coli. Hemophilus influenzae. Nearly all washings were 
reported as sterile after the .second, third, or fourth washing. 

It is concluded that penicillin employed locally according to the technique outlined 
has proved to be effective in the treatment of chronic sinusitis. 

Harold H. Lindner, San Francisco: Anatomical Considerations in Inguinal Hernia. — 
The presentation of these data was emphasized by reference to three anatomic specimens 
which illustrated the points made. Important anatomic points include the attachment of the 
inguinal ligament to the pubic tubercle and to the ileopectineal line b.v the lacunar liga- 
ment, expected variations that occur in the formation of the conjoined tendon, and the 
role of the transversalis fascia. The transversus abdominal muscle does not fill in the 
posterior floor of the inguinal canal and the transversalis fascia is modified in this area 
to protect the floor of the canal. In order to secure an adequate anatomic repair, the 
transversalis fascia should be utilized with its atfiichment to either Cooper’s and the 
lacunar ligament or to the shelving edge of Poupart ’s ligament, depending upon the 
laxity of the structures involved. The mode of production of hernial sacs was discussed 
and the anatomic points wore presented, clarifying the rea.sons why direct and indirect 
sacs are occasionally misinterpreted on clinical examination. 

Major Frederick H. Benteen, De Witt General Ho.spital: Repair of Primary and Re- 
current Hernia. — The incidence of inguinal hernia is considered to be about 2.4 per cent 
in the male population of military age. Published statistics of over 100,000 repairs of 
primary and recurrent inguinal hernia show recurrence rates of 8 per cent in indirect 
hernias, 15 per cent in direct hernias, and 20 per cent in recurrent hernias. Adequate hemo- 
stasis, the use of fine suture material, clean anatomic dissection, and avoidance of tension 
are necessarj' to assure wound healing. Suture of the transver.salis fascia or conjoined 
tendon to Cooper’s ligament following extirpation of the sac is ordinarily the basis for 
the cure of inguinal hernia. However, it is felt that no single method of hernioplasty is 
invariably adequate to reconstruct satisfactorily the abdominal wall around the cord. 
Fascial strips from the external aponeuro.sis, fa.scial strips from the thigh, or fascial patches 
from the thigh may on occasions be used as grafts. A relaxing incision in the anterior 
rectus sheath is sometimes indicated. Employment of a flap of anterior rectus sheath or 
a flap of fascia lata left attached to the donor site is not desirable. Bone periosteal grafts 
have been used in reconstruction, and the cord has been placed in various positions, in- 
cluding transplantation to a femoral location, but it is felt that such procedures are not 
necessary. 

Major Gordon C. Langsdorf, DeWitt General Hospital: Administration of Fluids, 
Including Plasma and Blood, in Prolonged Surgery. — A surgical patient, who is drape 
and under a battery of operating lights in a room not air-conditioned, suffers enormous 



UlCVIKW or IIKCUNT iMKirrlNGS 


875 


fluid and salt loss duriiif; n five- to Icn-hour nporalion, particularly diirinj^ the hot suminor 
months. Salt and dextrose solutions are primarily useful for the correction of resultant 
dehydration but not ns blood substitutes. Sodium chloride must be held to a ininimuin 
and the remaining fluids given ns 5 and 10 per cent dextrose in distilled water to prevent 
excessive fluid retention and pulinonnry edema. Plasma is used to tide a patient over a 
period of unexpected severe blood loss uhile whole blood is being (dilained for transfusion. 
True maintenance of a patient during a “bloody” oj)enition rctiuires constant intravenous 
replacement of whole blood. Experience has reenijihasized the advisability of carefully 
placing one and in some instances two large gauge needles or cannulne into appropriate 
veins in the forearm or ankle before operations such ns laminectomy, craniotomy, and 
aneurysmorrhaphy arc commenced. 

Lieutenant Colonel Irving Madoff, Bo Witt General Hosjdtal: Laboratory Adjuncts 
in Transfusion. — Tj^jcs of transfusions for .«i)eeific purpo.ses are clas.sified as (1) autotrans- 
fusion, (2) immunotransfusion (specific and nonspecific), (3) cx.sanguinotrnnsfusion, and 
(4) reciprocal transfusion. 

The various techniques of blood tyinng are discussed, with emphasis on the points 
that all cell svispensions used should be as fre.sh as possible, ke[)t refrigerated, and prepared 
with sterile equipment. These precautions prevent loss of sensitivity and protect against 
contamination. 

Dried rabbit tyjung sera arc the standard routine typing materials used. The neces- 
sary precautions and pitfalls involved are pointed out. Compatibility tests require expert 
judgment in order to prevent reactions. The method used in this laboratory is a modifica- 
tion of the Levine method, in which the tests are done at refrigerator, room, and incubator 
temperature and then centrifuged. This enhances the sensitivity of the reaction and de,- 
tects “cold” agglutinins. Among the complications of compatibility tests are auto- 
agglutination, panagglutination, rouleaux formation, drug effects, and multiple transfusions. 
The main typos of transfusion reactions arc thermal, hemolytic, and hemorrhagic. 

A blood bank is operated in which, based upon local experience, certain percentages 
and types of blood are both stored and ordered, in advance of use. Bh tests are routine 
and only homologous bloods with the same Bh factor are used. This system enables the 
bank to dispose of 90 per cent of the blood on hand in less than three to four days. The 
tiansfusion service is informed at all times of any special precautions in the handling of 
individual bloods. In multiple transfusions rccross-matching is recommended after each 
individual transfusion. Transfusion equipment should be prepared and handled only by 
conscientious, experienced personnel. 

A recent development is the use of plasma skin sensitivity tests in the detection of 
allergic responses. Whole blood should not be transfused immediately after pooled plasma 
administration, as heterologous agglutinins may have been introduced, thus possibly causing 
a leaction. If whole blood transfusion is necessary immediately following plasma adminis- 
tration, only “O” blood should follow the use of plasma. 
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Orthopedic Surgery. By Walter ifercer, M.B., Ch.B., S.R.C.S., S.R.S. Pp. 447, with 415 

illustrations. Baltimore, 1943, Williams & Wilkins Conij)any. $12, 

The new edition of Mercer’.* Orthopedic Surgery represents a rather e.vtensive revision 
of the previous editions. There is a genera! improvement in illustration, and the material 
has been carefully revised with the incorporation of many new and origiiuil ideas, plus 
recent advance.* in orthopedic surgery as gleaned from the literature. There has been .some 
deletion of material which the author no longer considers relevant. 

The sections which appear to have been the most completely revised arc those on the 
affections of the back, knee, shoulder, .and foot and infections of the hand. The description 
of some of Brittain’s operations on joints and his methods of arthrodese.s, plus l.selin’s work 
on infections of the hand are incorporated into the appropriate chapter.*. 

Some of the subjects which are covered most thoroughly and efficiently arc the develop- 
mental affections of bone and joint, circulatory lesions of the e.\-tremity, manipulative 
surgery, arthrodesis, and arthroplasty. The discussions on the regions of the body which 
are especially well covered are those of the spine, shoulder, and knee. The particular .section 
on complications from trauma is exceptionally well written. TJiis book is a compilation of 
the material used in lectures in clinics on orthopedic surgery as conducted by the author 
under the direction of Professor Fraser, and the bibliographj' is not all inclusive nor com- 
prehensive but does refer to authoritative and recent articles, in both the British and American 
journals. 

It is an excellent book. This third edition is more comprehensive than the former two 
editions, and far more complete than any of the various books on orthopedic surgery written 
in the United States at the present time. One may que.stion the emphasis placed on tubercu- 
losis of bones and joints and criticize the relatively brief discussion of herniated nucleus 
pulposus as a cause of back pain. This book de.serves its place as a standard text in orthopedic 
.surgery and should be in every orthopedist’s and pediatrician’s library. 


Fractures and Orthopedic Surgery for Nurses and Masseuses, By Arthur Naylor, Ch.hL. 

M.B., M.Sc., F.R.C.S. (Eng.), F.R.C.S, (Edin.). Pp. 2S0, Baltimore, 1945, Williams & 

Wilkins Company. 

This is an excellent book which serves as an introduction of orthopedic surgery and 
fractures to nur.ses and physiother.apists. No nur.sing techniques are described and no 
attempt is made to emphasize nursing care of orthopedic and fracture patient.*. The emphasis 
has been placed on the general principles of .surgery and their application in orthopedic 
surgery. In short, tliis book does not attempt to e.xplain how the nurse is to care for the 
patient but rather what the basic principles of the various diseases are that she must under- 
stand to care for the patient properly. 

The book is well written, interesting, and concise. The illustrations are good and the 
diagrams are of exceptional clarity and interest. The book will serve the medical student 
as a supplement to any of the more complete and comprehensive texts in orthopedic surgery. 
The reviewer feels that it would be of more value in this respect than any of the sj-nopses 
or short texts written on the subject in this country. Since it is written from a British 
viewpoint some of the procedures described are tmfamiliar and a few of the apparatuses are 
generally considered obsolete in this countrj-. 
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